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PREFACE. 


While  there  is  no  department  of  physical  science  in  which 
so  large  a  collection  of  facts  has  been  made  as  in  Chemistry, 
it  must  be  admitted  that,  as  yet,  we  have  not  been  equally 
successful  in  the  discovery  of  principles,  and  the  establishment 
of  laws.  This  is  mainly  to  be  ascribed  to  the  real  difficulties 
that  attend  inquiries  into  the  nature  of  forces  acting  on  the 
insensible  particles  of  matter,  but,  perhaps,  in  part  also,  to 
certain  prevalent  opinions  regarding  the  nature  and  relations 
of  many  of  those  bodies  which  form  the  subjects  of  observation 
and  experiment. 

A  fundamental  principle,  long  admitted  into  every  system 
of  Chemistry,  is,  that  there  is  an  extensive  order  of  bodies 
from  which  all  the  others  are  derived,  and  which,  having  re¬ 
sisted  the  usual  agents  of  decomposition,  we  are  to  regard  as 
Elementary  or  Simple.  I  propose  to  shew,  that  we  are  not 
entitled  to  regard  these  bodies  as  elementary  or  simple,  be¬ 
cause  we  have  been  unable  to  overcome  the  affinities  of  their 
constituent  parts ;  that  they  cannot  be  separated,  as  natural 


products,  from  the  bodies  which  we  know  to  be  compound ;  \ 
and  that  all  the  phenomena  of  chemical  actions  may  be  equally 
explained,  by  assuming  the  existence  of  three  simple  bodies, 
or  two,  or  one,  as  of  any  greater  number. 

In  pursuing  this  train  of  investigation,  1  have  treated  of 
the  bodies  termed  Simple  in  a  somewhat  more  elementary 
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manner  than  the  case  might  seem  to  require ;  yet  it  will  be 
seen  that,  in  order  to  render  the  several  stages  of  my  argu¬ 
ment  distinct,  it  has  been  necessary  that  the  admitted  facts 
regarding  these  bodies  should  be  collected,  so  as  to  exhibit 
their  mutual  dependence.  If  a  sequence  can,  in  any  case, 
be  traced,  of  bodies  passing  the  one  into  the  other,  it  is 
manifest  that  what  we  can  establish  with  respect  to  the  es¬ 
sential  constitution  of  one,  will  apply  to  that  of  any  other  of 

f  t 

\  the  series.  Thus,  if  we  can  shew,  that  any  one  of  the  metals 
/  is  a  compound  body,  we  are  entitled  to  assume,  that  all  the 

:  A 

other  bodies  of  the  same  class  are  similarly  formed.  Besides, 
as  a  further  reason  for  treating  of  these  simple  bodies  in  a 
more  elementary  manner,  than  would  be  necessary  in  a  me¬ 
moir  addressed  to  men  of  science,  it  will  be  observed,  that,  if 
I  shall  succeed  in  establishing  my  conclusions,  the  following 
observations  will  then  become  elementary,  and  fitted  to  be 
perused  by  those  who  enter,  even  for  the  first  time,  on  the 
study  of  chemical  science. 

After  having  seen  that  all  the  bodies  termed  Simple,  may 
be  reduced  to  a  few  roots  or  elements  of  their  own  order,  we 
shall  necessarily  be  conducted  to  the  conclusion,  that  these 
roots  or  elements  are  themselves  compound,  and  derived  from 
other  forms  of  matter.  This  is  the  utmost  degree  of  gene¬ 
ralization  to  which  I  shall  attempt  to  conduct  the  reader,  for 
the  purpose  of  shewing,  that  such  generalization  is  consistent 
with  the  conclusions  which  had  been  already  drawn,  and  con¬ 
firmatory  of  them ;  and  that  the  assumption  of  an  order  of 
molecules,  superior  to  those  of  known  bodies,  is  in  accordance 
with  the  laws  of  chemical  combination,  in  so  far  as  they  have 
been  determined  by  experiment. 
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AX  INQUIRY,  &c. 


I.  CHEMICAL  ELEMENTS. 


It  is  scarcely  possible  for  any  one  to  engage  in  chemical 
inquiries,  without  feeling  that  there  is  something  like  a  want 
of  simplicity  ancl  harmony  in  the  relations  with  which  we 
connect  together  the  members  of  the  first  great  group  of 
natural  bodies,  to  which,  in  our  ignorance  of  their  com¬ 
position,  we  apply  the  term  Simple.  The  greater  num¬ 
ber  of  substances  with  which  we  are  conversant,  are  de¬ 
rivable  one  from  another,  and  are  therefore  termed  Com¬ 
pound  ;  but  of  the  numerous  class  which  we  term  simple, 
many  are  similar  to  one  another  with  respect  to  their 
essential  characters,  and  pass  the  one  into  the  other  by 
scarcely  perceptible  gradations,  nay,  pass  into  those  we 
term  compound,  so  that  no  line  of  natural  division  can  be 
drawn  between  the  two  classes.  Yet  we  hold  the  one  class 
to  be  derivative  or  compound,  and  the  other  to  be  derived 
from  no  other  bodies  ;  but  to  be,  as  it  were,  distinct  products 
of  nature,  each  formed  of  particles  proper  to  itself.  It  is 
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not  enough  that  we  explain  the  meaning  which  we  attach 
to  the  term  simple,  as  applied  to  these  bodies,  by  saying 
that  we  hold  them  to  be  simple,  because  we  are  unable,  by 
the  means  at  our  command,  to  resolve  them  into  other 
bodies  more  simple.  This  is  the  mere  expression  of  a  tact ; 
but  even  were  the  fact  established  beyond  dispute,  which 
it  is  not,  we  should  not  be  entitled  to  regard  the  bodies  in 
question  as  simple,  in  contradistinction  to  another  class 
which  we  regarded  as  compound.  By  the  terms  simple  and 
compound,  we  indicate  two  Orders  of  bodies,  the  most 
distinct,  with  respect  to  their  chemical  constitution,  which 
we  can  conceive  to  exist  in  nature.  But  there  is  no  such 
distinction  in  the  chemical  and  physical  characters  of  the 
bodies  themselves,  as  can  warrant  us  in  assuming  that  they 
are  distinct  in  their  nature.  The  mere  circumstance  of  our 
inability  to  compose  or  decompose  the  substances  in  the 
laboratory,  furnishes  at  the  best  merely  negative  evidence. 
Superior  means  of  analysis,  or  a  better  use  of  the  means  we 
possess,  may  enable  us  to  prove  bodies  to  be  compound 
which  we  now  hold  to  be  simple.  But  even  were  it  other¬ 
wise,  we  have  other  means  of  investigation  than  the  pro¬ 
cesses  of  the  laboratory,  for  conducting  us  to  truths  in 
science.  We  have  induction  and  analogy,  without  which 
even  experiment  would  fail  to  conduct  us  to  the  discovery 
of  natural  laws.  If  the  bodies  which  we  term  simple,  pre¬ 
sent  the  same  general  physical  properties,  and  exert  the 
same  chemical  actions,  as  those  which  we  term  compound, 
and  pass  into  the  compound  bodies  in  their  characters  and 
functions,  the  merely  negative  evidence,  that  we  are  unable 
to  decompose  them  by  overcoming  their  chemical  affinities, 
should  not  invalidate  the  conclusion,  that  both  classes  are 
to  be  placed  in  the  same  order  of  natural  bodies,  and  can¬ 
not  be  separated  the  one  from  the  other,  by  so  wide  a  chasm 
as  a  distinct  molecular  constitution. 
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But  it  lias  become  a  maxim,  in  which  all  chemists  have 
been  contented  to  acquiesce,  that  a  body  is  to  be  regarded 
as  simple,  because  we  are  not  able  to  shew  that  it  is  com¬ 
pound.  Yet  a  juster  maxim  would  be,  that  a  body  is  to  be 
regarded  as  compound,  when  we  are  not  able  to  prove  it  to 
be  simple  ;  for  the  reasons  for  believing  a  body  to  be  de¬ 
rived  from  others  more  simple  than  itself,  are  founded  on 
far  stronger  analogies  than  any  which  have  yet  conducted 
us  to  the  opposite  conclusion.  If  it  can  be  shewn  that  the 
bodies  which  we  term  simple,  cannot  be  placed  under  an  or¬ 
der  of  natural  products,  different  from  those  which  we  know 
to  be  compound,  we  are  not  entitled  to  infer  that  a  body 
is  simple,  because  we  have  been  unable  to  prove  it  compound 
by  the  agents  of  the  laboratory. 

It  is  surprising  that  the  rule,  that  a  body  is  to  be  regarded 
as  simple,  because  it  has  not  been  decomposed,  should 
have  been  so  generally  admitted  into  chemistry,  seeing  that 
various  chemists  have  from  time  to  time  maintained  the 
opinion,  that  some  at  least  of  the  simple  bodies  ought  to  be 
regarded  as  compound.  Thus,  Baron  Berzelius  has  given 
the  strongest  reasons  for  believing  nitrogen  to  be  a  compound 
body,  and  has  expressed  his  doubts  even  as  to  the  composi¬ 
tion  of  the  metals.  Sir  Humphry  Davy,  in  the  earlier 
period  of  his  chemical  inquiries,  was  conducted  to  the  opinion 
that  the  bodies  sulphur  and  phosphorus,  which  give  off  hy¬ 
drogen  under  the  influence  of  voltaic  action,  might  be  com¬ 
pound.  He  even  expressed  the  opinion  that  all  the  simple  bo¬ 
dies  might  be  compound,  and  resolvable  into  hydrogen  and 
some  unknown  base.  He  never,  however,  pursued  his  own 
hypothesis  to  its  consequences ;  and  at  length  he  seems  to  have 
abandoned  it  altogether ;  for  no  chemist  applied  more  rigidly 
the  rule,  that  a  body  was  to  be  held  to  be  simple  which  could 
not  be  decomposed.  Upon  this  principle  he  established  the 


B 


10 


CHEMICAL  ELEMENTS. 


simple  constitution  of  nitrogen,  which  he  suspected  to  be  com¬ 
pound,  but  which  did  not  yield  to  the  agents  of  decomposition 
employed  by  him,  and  of  chlorine,  which,  mainly  upon  hishigh 
authority,  chemists  gradually  consented  to  admit  amongst 
the  simple  bodies.  Having  proved,  by  a  series  of  brilliant 
experiments,  that  certain  substances,  the  earths  and  alkalies, 
which  had  before  been  held  to  be  simple,  were  really  com¬ 
pound,  he  endeavoured  to  prove,  that  another  body,  Iodine, 

;  f  .  '  which  presented  all  the  characters  of  a  compound  body,  was 

really  simple.  This  substance,  when  first  discovered  by  a  ma¬ 
nufacturer  of  saltpetre  in  Paris,  was  believed  by  every  one  to 
be  a  new  compound.  M.  Gay-Lussac,  and  almost  at  the 

same  time  Sir  Humphry  Davy,  examined  it  with  rigid  care. 

- 

M.  Gay-Lussac  contented  himself  with  giving  an  account, 
the  most  minute  that  has  yet  been  given,  of  its  properties. 
Davy,  finding  it  to  resist  all  the  agents  which  he  employed 
to  decompose  it,  pronounced  it  to  be  a  simple  body,  accord¬ 
ing,  as  he  himself  expresses  it,  44  to  the  just  logic  of  chemi¬ 
cal  philosophy.”  The  conclusion  was  acquiesced  in  by  all 
chemists ;  but  the  question  was  not  the  more  determined, 
whether  this  conclusion  was  arrived  at  by  the  rules  of  a 
sound  logic  or  by  the  admission  of  an  erroneous  dogma. 

The  substance  in  question  has  many  of  the  characters  of 
chlorine,  both  in  its  own  actions  and  in  those  of  its  com¬ 
pounds,  and  it  is  never  found  in  the  natural  state  but  as¬ 
sociated  with  chlorine,  or  where  chlorine  may  have  been. 
It  scarcely  differs  from  chlorine  in  its  properties,  more 
than  one  body  sometimes  differs  from  itself,  according  to 
the  mode  in  which  it  is  prepared  ;  and  yet,  in  opposition  to 
analogies  of  this  kind,  iodine  was  at  once  received  into  the 
list  of  simple  bodies,  and  thus  admitted  to  be  not  only  dis¬ 
tinct  from  chlorine,  inasmuch  as  it  was  equally  a  simple  pro¬ 
duct  of  nature,  but  to  differ,  with  respect  to  its  molecular 
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constitution,  from  the  whole  class  of  bodies  which  we  term 
compound,  inasmuch  as  it  was  simple,  and  they  were  deriva¬ 
tive. 

Of  the  bodies  termed  simple,  there  are  now  reckoned  55, 
some  of  them  derived  from  a  few  minerals  of  the  rarest 
occurrence,  and  some  of  them  found  only  in  minute  quan¬ 
tity,  associated  with  some  other  substance,  which  they  re¬ 
semble  in  their  general  characters.  The  latest  discovered, 
Lantanum,  was  derived  from  two  or  three  mineral  species, 
all  resembling  one  another,  found  in  the  primary  rocks  of 
Scandinavia  and  Greenland,  and  of  the  rarest  occurrence. 
But  this  substance,  having  resisted  the  usual  agents  of  the 
laboratory,  was  at  once  pronounced  to  be  simple.  Nay, 
more,  from  the  same  minerals  which  yielded  lantanum,  had 
been  derived  another  body,  Cerium,  which  had  long  been 
admitted  into  every  system  of  chemistry,  as  a  simple  body. 
These  two  substances  resemble  one  another  so  nearly,  that 
they  are  only  to  be  distinguished  by  some  slight  differences 
in  fusibility  and  minor  characters,  not  so  great  as  one  body 
not  unfrequently  presents,  according  to  the  temperature  to 
which  it  is  exposed,  and  present  too  many  points  of  resem¬ 
blance,  to  allow  us  to  infer  that  they  are  distinct  from  one 
another,  any  more  than  that  they  are  distinct  from  other 
bodies  which  we  term  compound.  Their  rarity  in  the 
mineral  kingdom,  and  their  occurrence  in  masses  of  primary 
rock,  which  have  been  subjected,  in  the  revolutions  of  the 
earth,  to  conditions  of  pressure  and  temperature,  which  we 
cannot  produce  by  art,  supply  us  with  abundant  reasons  for 
believing  them  to  be  the  products  of  pre-existing  matter, 
and  not  natural  elements  distinct  from  one  another,  and 
from  other  bodies,  in  their  molecular  constitution.  The  op¬ 
posite  conclusion  arrived  at,  should  convince  us  that  the 
rule  which  we  have  adopted  is  unsound,  and  is  arrived  at, 
not  by  “  the  just  logic  of  chemical  philosophy,”  but  by  a 
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chemical  dogma,  which  ought  long  ere  now  to  have  been 
banished  from  the  science  into  which  it  has  been  intro¬ 
duced. 

In  all  our  inquiries  into  the  chemical  nature  of  bodies, 
we  naturally  seek  to  resolve  one  substance  into  others  more 
simple  than  itself.  This  is  analysis,  to  which  we  add  syn¬ 
thesis  as  the  highest  proof  that  can  be  given  of  analytical 
conclusions.  All  the  great  results  which  we  have  yet  ob¬ 
tained  with  regard  to  the  nature  ot  bodies,  have  been  ar¬ 
rived  at  by  following  this  natural  train  of  investigation. 
We  derive  one  substance  from  another,  until  we  arrive  at 
roots  or  elements  which  we  cannot  further  decompose.  But 
this  proves,  in  no  degree,  that  the  law  of  continuity  is 
broken  at  the  point  where  our  means  of  further  analysis 
fail.  If  we  have  not  the  experiments  of  the  laboratory  to 
direct  us,  we  have  our  reasoning  powers.  We  have  induc¬ 
tion  and  analogy,  and  no  one  will  contend  that  we  ought 
to  reject  the  aid  which  these  afford  us  in  judging  of  the  un¬ 
known  from  the  known. 

It  is  a  rule  in  physics,  that  we  are  not  to  assign  more 
causes  for  the  explanation  of  an  effect,  than  are  necessary 
to  explain  it.  Now,  to  explain  the  varieties  of  material 
bodies,  as  produced  by  combination  one  with  another,  we 
resort  to  the  supposition  of  55  roots  or  elements.  But  the 
supposition  of  the  existence  of  two  distinct  roots  would 
equally  solve  the  problem.  If  we  suppose  two  bodies  to 
exist,  A  and  B,  each  with  its  own  molecules,  we  can  con¬ 
ceive  any  number  of  combinations  to  be  formed.  Foi  if  A 
combines  with  B,  there  is  formed  a  third  body  with  its  own 
particles  A  +  B.  But  A  +  B  may  combine  with  A,  and  then 
there  is  formed  a  fourth  body  A  +  B  + A,  or  with  B,  and 
there  is  formed  a  fifth  body,  A  +  B  +  B  ;  and  A  +  B  +  A  may 
combine  with  A  +  B  +  B,  and  this  new  compound  again  with 
A  or  B,  and  so  on  through  any  number  of  combinations.  It  suf- 
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fices,  therefore,  to  account  for  every  possible  combination, 
that  we  assume  the  existence  of  two  bodies. 

Nor  need  our  generalization  stop  even  at  this  point.  We 
may  admit  the  possibility  of  the  production  of  all  material 
bodies  from  the  same  order  of  molecules,  that  is,  from  a 
single  body.  We  know  that  there  are  substances  as  iden¬ 
tical  in  composition  as  the  nicest  processes  of  the  laboratory 
can  determine,  and  yet  different  in  their  properties.  But 
bodies  different  in  properties  are  different  bodies,  for  bodies 
are  only  distinguishable  from  one  another  by  their  proper¬ 
ties.  Similar  molecules,  therefore,  may  combine,  and  form 
different  bodies.  The  difference  between  the  bodies  pro¬ 
duced  may  be  ascribed  to  a  difference  in  the  modes  of  com¬ 
bination,  or  to  the  action  of  unknown  forces  on  the  ultimate 
particles  of  matter,  or  to  any  other  cause  ;  but  our  con¬ 
clusion  is  not  affected  by  our  hypothesis  as  to  the  cause. 
Having  two  distinct  bodies,  however,  produced,  it  is  mani¬ 
fest  that  we  can  conceive  any  number  of  combinations  to  be 
formed,  that  is,  any  number  of  bodies  to  be  produced. 

All  material  bodies  have  a  common  class  of  characters  ; 
and  it  is  a  perfectly  natural  supposition,  that  they  are  all 
derived  from  a  common  order  of  particles  or  molecules  ; 
and  that  all  the  differences  which  we  find  to  exist  between 
bodies,  arise  from  the  different  relations  of  these  particles  or 
molecules  to  one  another,  and  not  from  a  difference  in  their 
own  nature.  This,  at  least,  is  a  natural  idea,  and  must  have 
suggested  itself,  in  some  form  or  another,  to  most  persons 
who  have  pursued  this  class  of  inquiries.  That  matter  has 
been  derived  from  pre-existing  particles,  was  an  idea  per¬ 
haps  coeval  with  the  earliest  period  of  philosophical  inquiry. 
When  Democritus  and  the  earlier  atomists  of  Greece  as¬ 
sumed  the  existence  of  pristine  elements,  they  followed  out 
a  perfectly  natural  train  of  thought,  however  they  may  have 
disfigured  the  hypothesis  by  their  own  bold  imaginations. 
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It  is  probable  that  we  derive  a  very  imperfect  idea  of  the 
doctrine  of  the  Greek  atomists  from  the  poetic  dream  of 
Lucretius.  The  fancy  of  the  Homan  poet  is,  that  matter 
was  produced  by  a  fortuitous  concourse  of  these  pristine 
elements  ;  but  it  is  not  certainly  known  that  Democritus 
and  Leucippus  thus  thought  and  reasoned.  They  probably 
ascribed  the  union  of  their  elements,  not  to  chance,  but  to 
a  system  of  laws  ;  and,  if  this  be  allowed,  the  doctrine  of 
the  Greek  atomists  may  be  received  and  approved  of  by  phi¬ 
losophy  still. 

Of  the  nature  of  atoms,  molecules,  ultimate  particles,  or 
by  whatever  term  we  express  our  conception,  it  is  needless 
to  observe,  that  we  know  and  can  know  nothing,  except 
from  inference.  Wre  assume  them  to  be  parts  of  matter, 
which  is  simply  our  definition  of  an  atom,  particle,  or  mole¬ 
cule.  We  infer  that  they  have  weight  and  extension,  for, 
being  parts  of  matter,  they  must  possess  the  essential  char¬ 
acters  by  which  matter  alone  is  known  to  us.  W e  cannot 
conceive  a  body  to  have  weight  and  extension,  and  the  parts 
of  which  it  is  composed  to  be  destitute  of  weight  and  exten¬ 
sion,  however  far  we  suppose  the  division  to  be  carried. 
Assuming  that  molecules  are  parts  of  matter,  we  must  be¬ 
lieve  them  to  have  weight  and  extension,  otherwise  a  mole¬ 
cule  is  not  what  we  assume  it  to  be,  a  part  of  matter.  The 
illustrious  Boscovich  conceived,  of  atoms,  that  they  were 
mathematical  points  ;  but  this  supposition  infers  that  they 
were  not  substance,  for  substance  without  extension  cannot 
be  conceived.  The  theory  of  Boscovich,  therefore,  neces¬ 
sarily  conducts  us  to  a  doctrine  of  Universal  Forces.  If  the 
molecules  of  matter  are  merely  resisting  points,  they  are  not 
substance  but  force,  and  matter  itself  is  a  system  of  forces. 
This  is  a  very  noble  conception  ;  but  the  atom,  thus  con¬ 
ceived,  is  manifestly  not  the  atom  of  the  chemist,  whose 
conception  of  an  atom  is,  that  it  is  a  component  part 
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of  matter.  Philosophy,  indeed,  may  admit,  that  when  we 
arrive  at  the  ultimate  material  bodies  of  the  chemist,  the 
law  of  continuity  is  still  preserved  ;  and  that  there  are 
existences  in  the  ascending  order  beyond  the  atom  of  the 
chemist,  which  have  neither  weight  nor  form,  and  are 
merely  force.  But  this  train  of  investigation  is  without  the 
range  of  chemical  inquiry.  Chemistry  must  take  matter 
to  be  as  it  is  presented  to  the  senses,  and  all  speculation 
further,  must  be  barren  of  results  with  respect  to  the  pro¬ 
perties  of  bodies.  If  the  chemist  assumes,  as  he  is  almost 
compelled  to  do,  that  matter  is  composed  of  molecules, 
atoms,  or  particles,  he  must  assume  that  these  particles  have 
both  weight  and  form.  Of  the  absolute  weight  ot  his  atoms 
he  can  know  nothing,  because  he  cannot  know  the  number 
of  atoms  which  constitute  any  body  of  a  known  weight. 
But  he  can  draw  conclusions  as  to  the  relative  weight  ot 
atoms  from  the  law  deduced  from  experiment,  that  bodies 
combine  in  definite  ratios.  Assuming  that  molecule  unites 
itself  to  molecule,  it  is  a  legitimate  inference,  that  the 
weight  of  these  molecules  is  in  proportion  to  the  weight  of 
the  bodies  which  combine.  This  is  really  the  Atomic  Theory 
due  to  the  genius  of  Dalton,  divested  of  the  useless  hypo¬ 
theses  with  which  it  has  been  encumbered  ;  and,  thus  un¬ 
derstood,  the  atomic  theory  of  Dalton  is  one  of  the  happiest 
generalizations  that  has  been  introduced  into  any  science. 
But  we  must  not  carry  this  theory  beyond  the  limits  of  a 
just  induction,  if  we  are  to  apply  it  to  the  explanation  ot 
chemical  truths.  We  may  believe,  nay,  we  must  believe, 
that  the  particles  of  matter  have  weight,  because,  matter 
having  weight,  the  parts  of  which  it  is  composed  must  have 
weight.  We  must  believe  that  they  have  form,  or  occupy 
a  portion  of  space,  because  we  assume  them  to  be  substance, 
and  substance  cannot  exist  without  form ;  but  the  precise 
form  we  know  nothing  of  from  any  data  which  we  have  yet 
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obtained.  To  deduce  the  form  of  molecules  from  the  crys¬ 
talline  shape  of  certain  bodies,  is  to  take  for  granted  the 
thing  to  be  proved,  namely,  the  connexion  between  the  crys¬ 
talline  shape  of  the  body,  and  the  form  of  the  molecules  of 
which  it  consists.  But  we  know  of  no  necessary  connexion 
between  the  shape  of  a  molecule,  and  the  shape  which 
an  aggregation  of  molecules  may,  under  certain  conditions, 
assume.  As  we  know  nothing  of  the  shape  of  a  molecule, 
so  we  can  know  nothing  of  its  hardness,  indivisibility,  or 
other  properties  not  necessary  to  our  idea  of  substance  ;  and, 
when  we  employ  the  atomic  theory,  we  should  be  careful 
that  we  do  not  assign  properties  to  our  molecules  which  our 
hypothesis  does  not  necessarily  involve.  We  may  speak  of 
the  atomic  weight  of  bodies  if  we  will,  because  this  merely 
expresses  a  conclusion  deduced  from  the  law  of  the  relative 
combining  weight  of  bodies  ;  but,  when  we  speak  of  a  solid 
body  as  containing  so  many  atoms,  or  of  a  volume  of  gas  as 
containing  so  many  atoms,  we  employ  terms  which  are  in¬ 
consistent  with  the  precision  which  ought  to  characterize 
the  language  of  science.  The  assumption  of  the  existence 
of  ponderable  atoms  accords  with  phenomena  observed,  and 
enables  us  to  explain  results,  which  we  cannot  otherwise 
explain,  just  as  the  undulatory  theory  of  light  enables  us  to 
explain,  with  singular  felicity,  the  observed  phenomena  of 
optics.  But  the  actual  state  of  things  may  be  very  different 
from  our  conception.  We  do  not,  however,  hesitate,  in 
either  case,  to  employ  our  own  conception  of  the  law  of 
nature  as  an  instrument  of  thought  for  conducting  us  to  the 
discovery  of  truths.  Thus  employed,  the  atomic  theory  is 
of  the  highest  importance,  and  may  be  properly  used  in  the 
language,  literal  or  symbolical,  of  chemistry  ;  but  then  it  is 
to  be  employed  as  the  expression  of  our  conception  of  a 
law,  and  should  imply  nothing  beyond  the  idea  involved. 

We  may  suppose,  it  has  been  said,  that  all  bodies  are 
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capable  of  being  derived  from  one  root  or  element,  formed 
of  molecules  proper  to  itself,  or,  in  other  words,  from  one 
kind  of  matter  :  or  else  we  may  suppose,  that  all  bodies 
are  derived  from  two  elements,  or  simple  bodies,  each 
formed  of  its  proper  molecules  ;  or  else  we  may  suppose 
that  all  bodies  are  derived  from  three  elements  or  any  given 
number.  If  it  can  be  shewn  that,  in  accordance  with  known 
laws  of  chemical  combination,  we  can  derive  all  bodies  from 
one  element,  or  from  two  elements,  or  from  three,  then  we 
are  not  entitled  to  assume,  that  the  number  of  elements  is 
55,  or  any  greater  number  than  three,  two,  or  one. 

In  pursuing  this  kind  of  argument,  we  may  represent 
the  unknown  roots  or  elements  by  x,  y ,  and  z,  or  any  other 
symbol,  and  work  out  our  result  in  the  manner  of  an  al¬ 
gebraical  equation  ;  or  we  may  adopt  the  method  known 
in  arithmetic,  as  position,  or  trial  of  errors,  which  consists 
in  assuming  certain  numbers,  and  correcting  them  by  the 
results  arrived  at.  But  in  place  of  symbols  or  numbers,  we 
may  assume  the  chemical  elements,  into  which  we  can 
reasonably  suppose  that  all  bodies  may  be  resolved.  Now, 
there  are  four  roots  or  elements,  into  one  or  more  of 
which,  we  may  suppose  that  all  the  other  bodies  may  be 
resolved,  namely,  Hydrogen,  Carbon,  Oxygen,  and  Nitro¬ 
gen,  because  we  know  already  that  these  bodies  extend 
throughout  both  kingdoms  of  nature,  and  that  a  vast  num¬ 
ber  of  bodies  are  derived  from  them.  But  as  there  will  be 
seen  to  be  good  reason  for  believing,  that  nitrogen  is  a 
compound  body,  we  need  not  complicate  our  argument  by 
admitting  it  into  the  number  of  assumed  elements  ;  but 
may  proceed  at  once  on  the  supposition,  that  all  bodies 
may  be  resolved  into  three  of  the  number, — hydrogen, 
carbon,  and  oxygen.  Nor  will  this  selection  be  made  at 
hazard,  for  there  is  reason,  founded  on  the  atomic  or  com¬ 
bining  weight  of  these  bodies,  for  assuming,  that  all  the 
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others  of  the  class  may  be  resolved  into  them.  The  com¬ 
bining  weight  of  hydrogen  being  held  to  be  1,  that  of 
carbon  is  nearly  6,  that  of  oxygen  nearly  8.  Now,  we  can 
suppose  any  other  body  to  be  resolved  into  one  or  more 
of  these  bodies,  which  have  the  least  combining  weight ; 
but  we  cannot  suppose  those  which  have  a  higher  combin¬ 
ing  weight  to  be  resolvable  into  any  of  those  which  have  a 
lower  combining  weight.  We  can  suppose,  for  example, 
sulphur,  whose  combining  weight  is  16,  to  be  derived  from 
hydrogen,  carbon,  or  oxygen,  whose  combining  weights  are 
1,  6,  and  8,  respectively  ;  but  we  cannot  conceive  hydrogen, 
carbon,  or  oxygen,  to  be  composed  of,  or  derivable  from, 
sulphur. 

And  this  is  the  kind  of  reasoning  which  I  propose  to 
follow,  for  the  purpose  of  shewing  that  the  bodies  termed 
simple,  may  be  derived  from  others  in  the  ascending  order 
more  simple  than  themselves.  I  shall  first  assume  that  the 
number  of  roots  or  elementary  bodies  is  three,  namely, 
hydrogen,  carbon,  and  oxygen,  and  it  will  be  observed  that 
this  process  is,  in  the  first  stage  of  the  argument,  purely 
tentative.  The  premises  are  assumed,  and  we  are  to  de¬ 
termine  how  far  these  premises  are  confirmed,  or  otherwise, 
by  the  results  to  be  arrived  at.  The  consequences  arising 
from  this  assumption  will  be  seen  in  the  first  column  of  the 
following  table,  in  which  all  the  other  bodies  in  the  de¬ 
scending  order  are  supposed  to  be  derived  from  hydrogen, 
carbon,  and  oxygen. 

But  one  or  more  of  these  roots  may  themselves  be  com¬ 
pound  bodies.  Let  it  be  assumed,  in  the  first  place,  that 
one  of  them  is  compound.  Now,  the  combining  weights  of 
the  bodies  themselves  indicate  that  which  can  be  derived 
from  the  others.  The  combining  weight  of  oxygen  is 
nearly  8,  that  of  the  other  two  bodies  being  6  and  1  re¬ 
spectively.  We  can  therefore  suppose,  that  oxygen  can  be 
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derived  from  combinations  of  the  elements,  carbon  and 
hydrogen,  while  we  cannot  resolve  oxygen  into  one  or 
both  of  the  other  elements.  This,  then,  is  the  second  stage 
of  my  argument.  I  shall  suppose,  that  all  bodies  are  re¬ 
solvable  into  two,  carbon  and  hydrogen,  and  this  process,  it 
will  be  observed,  is  like  the  other,  merely  tentative.  We 
assume  certain  premises,  and  we  are  to  consider  how  far 
the  results  to  be  otherwise  arrived  at  accord  with  the 
premises  assumed.  The  second  column  in  the  table  exhibits 
the  results  arrived  at,  by  assuming  that  all  other  bodies  are 
derived  from  hydrogen  and  carbon. 

But  carbon,  one  of  these  elements,  may  likewise  be  a  com¬ 
pound  body,  for  there  is  no  more  reason,  founding  on  the 
physical  and  chemical  characters  of  this  substance,  for  as¬ 
suming  that  carbon  is  a  simple  body,  than  that  oxygen  and 
nitrogen  are  simple  bodies.  Carbon  may  be  derived  from 
hydrogen  :  nay,  hydrogen  itself  may  be  derived  from  some 
other  form  of  matter.  This  is  the  last  generalization  which 
I  shall  attempt,  and  I  will  endeavour  in  the  sequel  to  shew, 
that,  by  a  simple  law  of  continuous  combinations,  we  may 
suppose  both  hydrogen  and  carbon  to  be  compound  bodies, 
and  to  be  derived  from  a  common  order  of  molecules.  I 
shall,  in  the  first  place,  direct  attention  to  the  first  two  hy¬ 
potheses,  the  one,  founded  on  the  assumption  that  hydrogen, 
carbon,  and  oxygen,  are  the  roots  or  elements  of  all  other 
bodies ;  the  second,  founded  on  the  assumption,  that  hydro¬ 
gen  and  carbon  are  the  roots  of  the  other  bodies. 

The  first  column  in  the  table,  then,  shews  the  possible  deri¬ 
vation  of  bodies  from  the  roots  or  elements,  H,  C,  and  0. 
The  results  are  obtained,  by  supposing  the  several  bodies  to 
be  formed  of  single  equivalents  of  each  of  the  assumed  roots, 
the  residue  accordingly  being  either  TI  or  C.  The  second 
column  shews  the  possible  derivation  of  the  same  bodies 
from  the  roots  H  and  C  alone.  The  results  of  this  column 


20 


CHEMICAL  ELEMENTS. 


are  founded  on  those  of  the  former  one,  the  expression  H2  C 
being  substituted  for  0.  The  third  column  shews  the  com¬ 
bining  or  atomic  weights  of  the  bodies  as  determined  by  ex¬ 
periment  :  the  fourth  column  shews  the  combining  weights 
as  deduced  from  the  assumptions  previously  made. 

Unfortunately  the  determination  of  the  combining  weights 
of  bodies  is  one  of  the  most  difficult  problems  dependent  on 
chemical  analysis.  Nearly  all  the  conclusions  generally 
admitted,  are  founded  on  the  experiments  of  the  illustrious 
Berzelius.  But  not  only  are  the  experiments  themselves 
exceedingly  delicate,  but  the  resolution  of  the  problem  to  be 
solved  depends  partly  upon  inference ;  and,  in  many  cases, 
we  cannot  certainly  determine,  or,  at  least,  we  have  not  yet 
been  able  certainly  to  determine,  whether  the  combining 
weight  obtained  is  a  multiple  or  sub-multiple  of  a  given 
number.  The  one  class  of  mistakes  proceeds  from  imper¬ 
fections  of  experiment,  the  other  from  the  uncertainty  of  the 
data  assumed.  One  of  the  most  important  of  this  series  of 
investigations,  and  apparently  not  the  most  difficult  to  be 
resolved,  was  the  determination  of  the  ratio  of  the  combin¬ 
ing  weights  of  hydrogen  and  oxygen.  This  was  attempted 
by  two  of  the  most  eminent  experimenters  in  Europe,  1VT. 
Berzelius  himself,  and  M.  Dulong  together.  The  medium 
of  three  analyses  was  oxygen  8.009,  hydrogen  being  1.  Now, 
perhaps  few  chemical  analyses  have  been  made  with  greater 
care,  and  yet  the  result  was  only  the  medium  of  three  expe¬ 
riments  j  but  a  medium  ot  experiments  is  not  necessanly  the 
true  result.  Of  the  three  experiments  made,  the  result  ot 
one  must  have  been  above,  and  that  ot  the  other  below  the 
medium,  and  it  is  merely  matter  of  probability,  that  the  me¬ 
dium  was  more  correct  than  either  the  highest  or  lowest  re¬ 
sult.  Again,  the  combining  weight  of  carbon  was  determined 
by  M.  Berzelius,  to  be  6.13.  Subsequent  experiments,  how¬ 
ever,  and  the  inferences  found  on  these  expeiiments,  have 
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reduced  the  combining  weight  of  this  body  to  6.04.  This 
is  probably  a  nearer  approximation  to  the  truth,  but,  if 
it  has  likewise  been  derived  from  a  medium  of  experiments, 
it  can  only  be  regarded  as  an  approximation.  But  these 
are  slight  differences  ;  others  are  so  great,  that  no  depend¬ 
ence  can  be  placed  upon  the  results  obtained.  The  results 
shewn  in  the  table  are  necessarily  founded  on  the  combining 
weights,  as  determined  by  experiment,  making  allowance 
for  those  slight  differences  which  are  within  the  limits  of 
experimental  error.  Although  I  entertain  the  opinion, 
that  many  of  the  combining  weights,  as  generally  received, 
are  very  far  from  the  true  results,  I  have  not  ventured  to 
deviate  from  the  conclusions  generally  acquiesced  in,  except 
in  one  or  two  cases  in  which  the  number  may  either  be  a 
multiple  or  submultiple  of  that  commonly  received,  and  in 
two  other  cases,  in  which  I  conceive  the  results  are  mani¬ 
festly  erroneous.  These  are  the  cases  of  boron  and  lithium. 
Holding  the  combining  weights  of  both  these  bodies  to  be 
absolutely  undetermined,  I  shall  assume,  in  the  meantime, 
that  the  combining  weight  of  boron  is  the  same  as  that  of 
silicium,  which  it  resembles  in  its  essential  properties,  and 
that  that  of  lithium  is  the  same  as  that  of  sodium.  I  have 
great  doubts,  too,  of  the  correctness  of  the  number  assigned 
to  aluminum,  magnesium,  and  some  others. 

It  is  to  be  regretted,  that  so  much  uncertainty  should 
still  exist  in  this  fundamental  branch  of  chemical  re¬ 
search  ;  but  it  is  to  be  confidently  trusted,  that,  by  means 
of  multiplied  experiments,  aided  by  the  beautiful  law  of 
Dulong,  with  respect  to  specific  heat,  and  by  the  more  recent 
brilliant  generalization  of  Faraday,  much  of  this  uncertainty 
will  be  removed.  The  present  argument,  however,  is  not 
essentially  affected  by  the  uncertainty  which  exists.  It 
matters  not  with  respect  to  the  general  conclusion  to  be 
drawn,  whether  the  assumed  combining  weight  be  a  multiple 
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or  submultiple  of  a  given  number,  nor  even  whether  the 
combining  weights,  as  determined  by  experiment,  be  correct. 
I  assume  them  to  be  nothing  more  than  approximate  re¬ 
sults.  I  do  not  accordingly  pretend  to  assign  the  exact 
chemical  constitution  of  bodies,  at  least  of  those  into  which 
a  number  of  elements  enter.  In  truth,  the  precise  formulae 
of  the  latter  class  of  bodies  cannot  be  determined  by  the 
rule  observed  in  the  table.  But  if  I  succeed  in  proving  the 
derivation  of  the  bodies  termed  simple,  from  known  bodies 
of  their  own  order,  then  I  may  hope  to  reduce  chemical  for¬ 
mulae  to  a  simple  general  expression,  which  may  embrace 
the  corrections  to  be  made  by  further  experiment. 
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Table  shewing  the  possible  derivation  of  the  Simple  Bodies 
of  Chemistry  from  common  roots . 


1.  2.  3.  4, 


Simple  Bodies. 

Derivation 
from 
the  roots 

H,  C,  0. 

I 

Derivation 
from 
the  roots 

H,  C. 

Combining 
Weights, 
detei’mined 
by  experi¬ 
ment. 

Combining 
Weights, 
the  roots 
being 

H,  C. 

1.  Hydrogen,  . 

2.  Carbon,  . 

3.  Oxygen,  . 

4.  Nitrogen,  . 

H 

C 

O 

C  0 

•  •  • 

H2  C 

H2  C2 

1 

6.04 

8.01 

14.19 

1 

6.04 

8.04 

14.08 

5.  Phosphorus,  . 

H  C  0 

H3  C2 

15.72 

15.08 

O 

•-3 

H3  C2  O2 

H7  C4 

31.44 

31.16 

6.  Sulphur, . 

H2  C  0 

H4  C2 

16.12 

16.08 

7.  Selenium,  . 

H11  C2  O2 

H4®  C4 

39.63 

39.16 

8.  Tellurium,  . . 

H8  C4  O4 

H16  C8 

64.25 

64.32 

9.  Fluorine,  . 

H4  C  0 

H®  C2 

18.74 

18.08 

10.  Chlorine,  . 

H7  C2  03 

H44  C4 

35.47 

35.16 

11.  Bromine,  . 

H8  C5  0s 

PI18  C10 

78.39 

78.40 

12.  Iodine,  . 

Hi4  c8  08 

H30  C4® 

126.57 

126.64 

13.  Arsenic,  . 

H9  c3  o2 

H13  C4 

37.67 

37.16 

14.  Antimony, . 

H8  C4  O4 

H16  C8 

64.62 

64.32 

15.  Bismuth,  . 

H15  C4  O4 

H23  C8 

71.07 

71.32 

16.  Chromium, . 

H14  C  0 

H16  C3 

28.19 

28.08 

17.  Uranium,  . . . 

H13  C3  O3 

H18  C® 

54.31 

54.24 

18.  Molybdenum, . 

H®  C3  O3 

c® 

47.96 

47.24 

19.  Tungsten,  . 

H10  C6  O6 

H33  C42 

94.80 

94.48 

20.  Tantalum,  . . 

H3  C13  O13 

H23  c26 

184.90 

185.04 

21.  Vanadium, . 

H12  C4  04 

H30  C8 

68.66 

68.32 

22.  Silicium,  . 

•  *  • 

H  C 

7.41 

7.04 

Or, 

H8  C  O 

H4®  c2 

22.22 

22.08 

23.  Boron,  . 

•  .  • 

H  C 

7.41 

7.04 

O 

>-5 

V* 

H8  C  0 

H10  C2 

22.22 

22.08 

24.  Titanium,  . 

H4®  C  0 

H43  C3 

24.33 

24.08 

25.  Gold,  . 

H  C7  07 

H15  C44 

99.60 

99.56 

26.  Osmium, . 

H  07  o7 

H15  C14 

99.72 

99.56 

27.  Iridium, . 

HI4  C®  0® 

PI3®  C13 

98.84 

98.48 

28.  Platinum,  . 

PI44  C®  06 

H2®  C12 

98.84 

98.48 

29.  Rhodium,  . 

H10  C3  O3 

H4®  C® 

52.20 

52.24 

30.  Palladium, . 

H11  C3  O3 

H17  C® 

53.36 

53.24 

31.  Silver,  . 

II10  C7  O7 

H24  C44 

108.30 

108.56 

32.  Mercury,  . 

H3  C7  O7 

H47  C44 

101.43 

101.56 

33.  Copper,  . 

H7  C4  O4 

H45  C8 

63.42 

63  32 

34.  Zinc,  . 

H4  C3  O2 

H8  C4 

32.31 

32.16 

35,  Cadmium,  . 

H13  C3  O3 

H49  C® 

55.83 

55.24 

36.  Tin,  . 

H2  C4  O4 

H10  C8 

58.92 

58.32 

24 
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Table- — continued . 


1.  2.  3.  4. 


Simple  Bodies. 

Derivation 
from 
the  roots 

H,  C,  0. 

Derivation 
from 
the  roots 

H,  C. 

Combining 
Weights, 
determined 
by  experi¬ 
ment. 

Combining 
Weights, 
the  roots 
being 

H,  C. 

37.  Lead,  . . 

H6  C7  O7 

H19  C14 

103.73 

103.56 

38.  Cobalt,  . 

H15  C  0 

H17  C2 

29.57 

29.08 

39.  Nickel,  . . . 

H15  C  O 

H17  C2 

29.62 

29.08 

40.  Iron,  . . . 

H13  C  0 

H15  C2 

27.18 

27.08 

41.  Manganese, . . 

H14  C  0 

H16  C2 

27.72 

28.08 

42.  Cerium,  . 

43.  Lantanum, . . 

H4  C3  O3 

H10  C6 

46.05 

46.24 

44.  Thorium,  . . 

H3  C4  O4 

H11  C8 

59.83 

59.32 

45.  Zirconium, . 

H5  C2  O2 

H9  C4 

33.67 

33.16 

46.  Aluminum, . 

... 

H  C2 

13.72 

13.08 

Or, 

H13  C  0 

H15  C2 

27.44 

27.08 

47.  Yttrium, . 

H4  C2  O2 

Id8  C4 

32.25 

32.16 

48.  Glucinum,  . 

H12  C  0 

LI14  C2 

26.54 

26.08 

49.  Magnesium,  ...... 

•  •  • 

H6  C 

12.69 

12.04 

50.  Calcium, . 

H6  C  0 

H8  C2 

20.52 

20.08 

51.  Strontium, . 

H  C3  O3 

H7  C6 

43.85 

43.24 

52.  Barium,  ........ — 

H12  C4  O4 

H20  C8 

68.66 

68.32 

53.  Lithium, . 

H9  C  0 

H11  C2 

23.31 

23.08 

54.  Sodium,  . . . 

H9  C  O 

H11  C2 

23.31 

23.08 

55.  Potassium, . 

H11  C2  O2 

H15  C4 

39.26 

39.16 

To  which  add  the  following  compound  bodies  : — 

1.  Cyanogen,  C?  N  =  C2  +  C  O 

=  C2  +  H2  C2  =  H2  C4. 

2.  Ammonia,  H3  N  =  H3  +  CO 

—  H3  +  H2  C2  =  H5  C2. 

3.  Ammonium,  H4  N  =  H4  +  CO 

—  H4  +  H2  C2  =  H6  C2. 


(  2.5  ) 


II.  SIMPLE  BODIES  OE  CHEMISTRY. 


I.  HYDROGEN. 

Hydrogen  is  so  widely  diffused  in  the  material  world, 
that  it  may  well  be  regarded  as  one  of  the  primary  pro¬ 
ducts  of  nature.  It  forms  an  essential  constituent  of  the 
liquid  matter  of  the  globe,  and  exists  in  every  production  of 
the  animal  and  vegetable  kingdom.  In  the  separate  state,  it 
is  an  aeriform  fluid,  at  every  known  temperature,  and  under 
every  degree  of  pressure.  It  is  transparent,  colourless,  and 
without  taste  or  odour.  It  is  highly  elastic,  and  the  light¬ 
est  of  known  bodies.  Its  specific  gravity  is  .06896,  so  that 
100  cubic  inches  of  it  weigh  2.1371  grains. 

It  is  irrespirable,  and  an  animal  quickly  perishes  when 
confined  in  it.  It  does  not  support  combustion,  a  lighted 
taper,  when  immersed  in  it,  being  instantly  extinguished  ; 
but  it  is  itself  inflammable,  and  its  combination  with  oxygen 
is  attended  with  the  evolution  of  heat,  and,  in  certain  con¬ 
ditions,  of  light.  It  does  not  combine  with  oxygen  at  low 
temperatures  ;  but  if  it  be  kindled  in  common  air  by  the 
application  of  an  ignited  body,  it  burns  tranquilly  with  a 
feeble  light.  If  the  two  gases,  however,  be  previously  mixed 
together  in  certain  proportions,  and  if  a  body  heated  to  bright 
redness  be  applied,  or  if  an  electric  spark  be  passed  through 
the  mixture,  the  gases  combine  on  the  instant  with  a  flash 
of  light,  and  loud  explosion.  In  these  cases  they  combine 
with  detonation  ;  but  when  they  are  heated  to  a  high  tem- 
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perature  without  ignition,  they  combine  slowly,  and  with¬ 
out  explosion. 

When  a  stream  of  this  gas  is  directed  on  a  piece  of  pla¬ 
tinum  perfectly  clean  on  the  surface,  or  in  a  minute  state  of 
division,  the  metal  becomes  instantly  incandescent ;  and  if 
oxygen  gas  or  common  air  be  present,  the  hydrogen  gas  is 
inflamed  ;  and  if  the  mixture  of  gases  be  nearly  in  the  pro¬ 
portion  to  form  water,  detonation  takes  place.  It  would 
appear  from  this  action,  that  platinum  condenses  the  gas 
by  contact,  and  that  the  sudden  evolution  of  the  latent  heat 
of  the  hydrogen,  is  sufficient  to  raise  the  metal  to  the  state 
of  incandescence. 

An  enormous  quantity  of  heat  is  evolved  by  the  combi¬ 
nation  of  this  substance,  and  the  most  intense  temperature 
which  has  yet  been  caused  by  artificial  means,  is  produced  by 
its  combustion.  This  effect  is  applied  to  use  in  the  oxy hy¬ 
drogen  blowpipe. 

The  same  action  that  produces  heat,  produces  the  most 
brilliant  light  that  yet  has  been  produced  by  art.  When 
the  jet  of  the  blowpipe  is  thrown  upon  a  mass  of  quick¬ 
lime,  the  earthy  body  is  heated  to  a  degree  of  great  inten¬ 
sity,  and  produces  a  light  so  white  and  vivid  as  to  dazzle 
the  eye.  When  the  heated  object  is  placed  in  the  focus  of 
a  parabolic  reflector,  the  light  is  reflected  to  an  incredible 
distance. 

Hydrogen  gas  being  the  lightest  of  all  known  bodies,  it 
is  exceedingly  convenient /to  adopt  it  as  the  standard  by 
which  the  combining  weight  of  other  bodies  is  estimated  ; 
and  it  is  remarkable  that  chemists  should  have  preferred 
taking  oxygen  for  such  a  standard,  in  place  of  a  substance 
so  much  better  suited  for  the  ends  of  easy  comparison. 

Hydrogen  combines  with  many  bodies,  and  produces  re¬ 
markable  compounds,  one  of  which  is  the  protoxide,  or 
water. 
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Water,  unlike  the  substances  of  which  it  is  composed,  as¬ 
sumes  the  conditions  of  solid,  liquid,  and  aeriform,  within 
the  range  of  ordinary  temperatures.  It  is  a  powerful  re¬ 
fractor  of  light,  and  an  imperfect  conductor  of  electricity. 

Pure  water  is,  by  the  universal  consent  of  philosophers, 
assumed  to  be  the  standard  with  which  the  weight  of  all 
solid  and  liquid  bodies  shall  be  compared.  A  cubic  inch  of 
it  at  62°  F.,  or  16^°  C.,  and  under  the  pressure  of  30  inches 
of  the  barometer,  weighs  252.458  grains,  and  is,  therefore, 
about  818  times  heavier  than  atmospheric  air. 

Water,  from  its  nature,  and  the  vast  range  of  its  affini¬ 
ties,  is  one  of  the  most  necessary  agents  possessed  by  the  che¬ 
mist.  Innumerable  changes  are  produced  by  the  decompo¬ 
sition  and  recombination  of  its  elements  ;  and  it  is  the  most 
general  solvent  in  nature.  When  it  combines  in  definite 
proportions,  it  follows  the  general  law  of  chemical  combi¬ 
nations,  and  its  combining  weight  is  the  sum  of  that  of  its 
two  elements.  It  has  all  the  essential  characters  of  an 
oxide,  and  may  be  regarded  as  the  type  of  the  class. 

It  has  the  property  of  absorbing  and  dissolving  various 
gases,  in  a  greater  or  smaller  proportion,  when  its  surface 
is  in  contact  with  them.  Thus  it  absorbs  and  dissolves  from 
about  3 ^  to  6  \  per  cent,  of  its  volume  of  oxygen  gas,  and 
about  100  per  cent,  of  its  volume  of  carbonic  acid  ;  and  this 
property  fits  it  for  the  support  of  animals  that  live  in  water, 
and  for  the  nourishment  of  plants,  whether  under  water  or 
on  land. 

Water  combines  with  a  further  proportion  of  oxygen, 
and  forms  a  remarkable  compound.  The  binoxide  or  per¬ 
oxide  of  hydrogen  is  a  colourless  transparent  inodorous  liquid, 
of  the  specific  gravity  of  1.452,  that  is,  it  is  45  per  cent, 
heavier  than  water.  It  preserves  its  liquid  form  at  every 
degree  of  cold  to  which  it  has  yet  been  subjected  ;  but  it  is 
decomposed  at  a  temperature  of  59°  F.,  being  then  resolved 
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into  water,  and  oxygen  gas,  and  when  exposed  to  the  tem¬ 
perature  of  212°,  it  is  decomposed  with  explosion. 

It  is  powerfully  acted  upon  by  most  of  the  metals,  and 
many  of  the  metallic  oxides,  which  decompose  it,  but  with 
different  effects.  Some  of  the  metals  are  themselves  oxi¬ 
dated,  combining  with  the  disengaged  oxygen  of  the  per¬ 
oxide.  These  are  metals  which  have  a  considerable  affinity 
for  oxygen.  Some  of  the  metallic  oxides,  on  the  other 
hand,  lose  the  oxygen  with  which  they  were  before  com¬ 
bined,  which  passes  away  along  with  that  of  the  peroxide. 
Thus  the  oxides  of  gold,  silver,  lead,  mercury,  and  platinum, 
metals  whose  affinity  for  oxygen  is  feeble,  are  decomposed 
the  instant  they  are  brought  into  contact  with  the  per¬ 
oxide. 

This  substance  whitens  the  surface  of  the  skin,  and  after 
a  time  destroys  its  texture.  It  acts  on  vegetable  colours, 
and  renders  them  white.  In  this  and  other  respects,  it  resem¬ 
bles  the  peroxide  of  sulphur,  so  that  oxygen  and  sulphur 
resemble  one  another  in  this  respect,  that,  combined  in  a 
certain  proportion  with  another  body,  they  exercise  a  simi¬ 
lar  action. 

Hydrogen  combines  with  sulphur,  chlorine,  phosphorus, 
and  other  allied  bodies,  and  forms  a  series  of  compounds 
which  exhibit  a  common  class  of  properties,  and  connect 
together  many  of  the  bodies  termed  simple. 

Hydrogen  combines  with  carbon,  and  forms  an  extensive 
group  of  compounds,  chiefly  derived  from  the  organic  king¬ 
doms,  as  olefiant  gas,  naphtha,  naphthaline,  and  many  more. 
The  basis  of  all  these  bodies  may  be  regarded  as  HC. 

Hydrogen  possessing  the  lowest  atomic  weight  of  any 
known  substance,  we  cannot  suppose  it  to  be  resolved  into 
any  other  body  known  to  us.  The  molecules  of  hydrogen 
may  therefore  be  supposed  to  be  more  simple  than  those  of 
other  bodies  ;  but  it  does  not  follow  that  the  molecules  of 
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hydrogen  are  themselves  not  derivable  from  some  other 
form  of  matter,  or  that  hydrogen  should  be  regarded  as 
forming  itself  a  class  distinct  from  other  bodies.  In  its 
physical  and  general  chemical  characters,  it  is  manifestly  in 
the  same  class  as  the  other  bodies  which  we  term  simple, 
and  if  they  can  be  shewn  to  be  compound  with  respect  to 
their  molecular  constitution,  so  we  must  believe  hydrogen 
to  be.  All  that  is  here  contended  for  is,  that,  while  we  can 
suppose  other  bodies  to  be  derived  from  hydrogen,  we  do 
not  know  the  form  of  matter  from  which  hydrogen  itself 
may  be  derived. 

Questions  sometimes  arise  regarding  the  relations  of  hy¬ 
drogen  with  other  bodies.  By  many  it  is  held  to  be  a  metal, 
and  some  even  seek  to  find  its  place  amongst  particular 
metals.  It  is  quite  possible  that  hydrogen,  if  solidified 
under  the  necessary  conditions,  would  present  the  characters 
of  a  metal ;  but  it  is  equally  possible  that  oxygen,  nitrogen, 
or  any  other  body  would  do  so.  It  is  contended  that  hy¬ 
drogen,  in  certain  compounds,  takes  the  place  of  a  metal, 
and  therefore  is  to  be  regarded  as  a  metal ;  but  hydrogen 
likewise  takes  the  place  of  oxygen,  sulphur,  and  other  bodies, 
which  are  not  held  to  be  metallic  ;  and  therefore  we  have 
no  reason  to  class  hydrogen  with  the  metals,  in  preference 
to  other  bodies,  with  which  it  is  equally  associated. 
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II.  CARBON. 

Carbon,  unlike  to  hydrogen,  exists  in  the  solid  form,  and 
is  the  most  fixed  of  known  bodies.  It  is  found  in  nature  in 
the  crystalline  state,  forming  the  most  beautiful  and  bril¬ 
liant  of  the  gems.  The  diamond  is  usually  colourless  and 
transparent,  and  it  is  found  likewise  of  various  colours,  red, 
yellow,  green,  blue,  and  even  black,  but  always  preserving 
the  shining  lustre  proper  to  itself.  Its  specific  gravity  is 
3.520,  and  it  is  the  hardest  substance  in  nature.  Its  pri¬ 
mary  crystalline  form  is  the  octahedral,  or  two  four-sided 
pyramids,  of  which  the  faces  are  equilateral  triangles,  ap¬ 
plied  base  to  base.  It  is  a  non-conductor  of  electricity.  It 
strongly  refracts  light,  which  gave  rise  to  the  memorable 
conjecture  of  Newton,  that  it  was  inflammable.  When  ex¬ 
posed  to  the  solar  rays,  it  becomes,  as  it  were,  charged  with 
light,  which  it  gives  off  again  in  the  dark.  Acids  and  alka¬ 
lies  the  most  powerful,  have  no  action  upon  it.  In  close 
vessels  it  resists  the  most  intense  heat  without  fusing  ;  but 
if  it  is  exposed  to  a  red  heat  in  the  open  air,  or  is  inflamed 
in  oxygen  gas,  it  is  entirely  consumed,  combining  with 
oxygen. 

Carbon  is  likewise  found  in  the  mineral  graphite,  com¬ 
monly  termed  plumbago,  or  black  lead,  which  contains  a 
quantity  of  iron  ;  and  in  the  mineral  anthracite,  which  is 
essentially  carbon,  but  which  contains  always  a  portion  of 
hydrogen  in  combination. 

Charcoal  consists  likewise  essentially  of  carbon,  and  the 
foreign  matters  mixed  with  it  may  be  separated.  Charcoal, 
as  is  well  known,  is  most  largely  obtained  from  the  smothered 
combustion  of  wood,  but  may  be  obtained  from  most  animal 
and  vegetable  substances  when  ignited  in  close  vessels.  The 
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theory  of  the  action  in  all  these  processes  is  the  same. 
Carbon,  hydrogen,  and  oxygen,  form  the  essential  constitu¬ 
ents  of  all  organic  matter.  When,  therefore,  such  matter  is 
exposed  to  heat,  the  volatile  gaseous  elements  are  thrown 
off,  while  the  carbon,  which  is  fixed,  remains  ;  and  the  air 
of  the  atmosphere  is  excluded  in  the  process,  because  its 
carbon  would  otherwise  combine  with  oxygen,  and  escape. 

Carbon,  as  obtained  from  charcoal  and  other  vegetable 
products,  and  purified  from  foreign  matters,  is  opaque,  and 
insoluble  in  water.  It  now  conducts  electricity,  whereas  in 
its  crystalline  form  it  was  a  non-conductor.  It  is  infusible 
by  heat,  and,  when  excluded  from  the  oxygen  of  the  air, 
resists  the  most  intense  temperature  which  can  be  produced 
by  art.  Nevertheless,  when  exposed  to  the  action  of  a 
powerful  voltaic  battery,  it  is  partly  volatilized,  the  at¬ 
tractive  force  of  aggregation  being  partially  overcome  ;  and 
a  piece  of  charcoal  exposed  to  this  action  increases  in  lustre, 
and  becomes  almost  as  hard  as  the  diamond. 

Carbon  is  inflammable,  producing  great  heat  during  com¬ 
bustion.  When  strongly  heated  in  the  open  air,  it  ignites 
and  burns  slowly,  but  in  oxygen  gas  it  burns  with  surpassing 
intensity,  throwing  off  brilliant  sparks.  When  heated,  and 
thrown  on  nitrate  of  potassa,  it  deflagrates  with  violence, 
and  when  it  is  exposed  to  a  red  heat,  and  nitric  acid  is 
dropped  upon  it,  the  acid  is  decomposed,  and  a  shower  of 
sparks  is  thrown  off. 

Carbon,  in  the  state  of  charcoal,  possesses  the  property  of 
condensing  within  its  pores,  the  air  of  the  atmosphere,  and 
other  gases,  at  common  temperatures,  and  of  yielding  them 
again  when  heated,  and  different  gases  are  absorbed  by  it 
in  different  proportions.  Thus,  in  the  space  of  24  hours,  it 
has  been  found  to  imbibe  90  times  its  volume  of  ammon- 
iacal  gas,  65  times  its  volume  of  sulphurous  acid,  40  times 
its  volume  of  nitrous  acid,  35  times  its  volume  of  carbonic 
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acid,  9J  times  its  volume  of  oxygen  gas,  and  If  times  its 
volume  of  hydrogen.  It  likewise  absorbs  moisture  from  the 
air.  When  newly  made,  and  left  for  a  day  exposed,  it  has 
been  found  to  increase  in  weight  12  per  cent,  and  more, 
the  greater  part  of  which  increase  of  weight  is  due  to  the 
moisture  absorbed. 

It  has  the  property  of  attracting  the  odoriferous  and 
colouring  principles  of  many  animal  and  vegetable  sub¬ 
stances.  Hence  it  is  employed  for  depriving  solutions  of 
their  colour,  for  destroying  the  offensive  taint  and  efflu¬ 
via  of  dead  animal  matter,  and  for  purifying  many  substan¬ 
ces.  From  the  strong  affinity  of  carbon  for  oxygen  at  high 
temperatures,  charcoal  is  largely  employed  for  the  de-oxida¬ 
tion  of  metallic  oxides. 

Carbon,  on  the  high  authority  of  Berzelius,  has  been  com¬ 
puted  to  combine  with  other  bodies  in  the  proportion  of 
6.13,  hydrogen  being  1 ;  but,  from  more  recent  analyses, 
its  combining  weight  has  been  estimated  at  6.04. 

Carbon  is  found  largely  in  the  mineral  kingdom  in  the 
state  of  carbonate,  and  otherwise,  and  it  enters  into  the 
composition  of  all  the  products  of  organic  bodies.  Its  com¬ 
bination  with  oxygen  forms  two  well  known  substances, 
carbonic  oxide  and  carbonic  acid. 

Carbonic  oxide  is,  at  all  known  temperatures,  and  under 
every  degree  of  pressure,  an  aeriform  fluid,  colourless, 
without  odour,  and  incapable  of  being  respired.  When 
d  nto  the  lun^is,  even  largely  diluted  with  air,  it  is 
very  hurtful,  and  when  breathed,  it  almost  instantly  pro¬ 
duces  insensibility.  It  does  not  support  combustion,  but  is 
itself  inflammable.  When  set  on  fire  it  burns  gently,  with 
feeble  light,  and  a  lambent  blue  flame,  resembling  that  of 
sulphur. 

Its  density  is  the  same  as  that  of  nitrogen,  which  it  also 
resembles  in  its  action  upon  other  bodies.  It  differs  from 
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nitrogen  in  being  inflammable,  and  readily  reducible  to  its 
elements. 

There  are  strong  reasons  for  believing  carbonic  oxide  to 
be  isomeric  with  nitrogen,  with  respect  to  the  number  and 
ratio  of  its  elements.  And  further,  it  may  be  regarded  as  a 
secondary  root  of  a  great  number  of  compounds,  thus  : — 


C  0  +  O  Carbonic  acid. 

CO  +  Cl.  Chloro-carbonic  acid. 
2  C  O  -J-  O  Oxalic  acid,  &c. 


Further,  the  same  combination,  C  0,  whether  we  regard  it 
as  forming  nitrogen,  or  carbonic  oxide,  or  an  element  not 
yet  insulated,  may  be  assumed  to  be  a  secondary  root  of  a 
great  number  of  bodies,  thus  : — - 


Ammonium, 

Sodium, 

Calcium, 

Iron, 

Chromium, 

Cobalt, 

Zinc, 

Arsenic, 

Strontium, 

Molybdenum, 

Uranium, 

Copper, 

Tin, 

Antimony, 

Bismuth, 

Silver, 

Mercury, 

Gold, 


CO  -f  H4 
CO  +  H3 
CO  +  H6 
CO  -f  H13 
CO  +  H14 
CO  +  H15 


/ 


/ 


2  CO  +  H4 

2  CO  +  H9 

3  CO  +  H 
3CO  +  H5 
3C0  +  H12 

4  C  0  +  TU 
4  C  O  +  H2 
4C0  +  H9 
4  CO  +  H15 
7  CO  +  H10 
7CO  +  H3 
7  CO  +  H 


and  so  forth,  as  in  the  table 
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HI.  OXYGEN. 


This  substance  exists  in  the  state  of  an  aeriform  fluid, 
at  every  known  temperature,  and  under  every  degree  of 
pressure  to  which  it  has  been  yet  subjected.  It  is  trans¬ 
parent,  colourless,  and  without  taste  or  smell.  It  is  heavier 
than  air  in  the  proportion  of  1102.6  to  1000  ;  and  hence, 
while  100  cubic  inches  of  air  are  held  to  weigh  31.0117 
grains,  at  the  temperature  of  60°  F.  or  15^-  C.  and  under  a 
barometrical  pressure  of  30  inches,  100  cubic  inches  of  oxy¬ 
gen  gas,  under  the  same  conditions,  weigh  34.19349942. 
It  combines  with  all  the  other  bodies  regarded  as  simple, 
with  the  exception  of  fluorine,  with  which  it  has  not  yet  been 
made  to  combine.  Its  combination  with  other  bodies  either 
takes  place  slowly,  or  rapidly,  and  with  the  sensible  evolu¬ 
tion  of  heat  and  light ;  and  bodies  which  burn  in  common 
air,  burn,  when  ignited  in  oxygen  gas,  with  increased  splen¬ 
dour.  It  is  necessary  to  the  respiration  of  animals,  and 
exists  in  the  air  of  the  atmosphere  in  a  proportion  suited  to 
the  wants  of  living  creatures,  and  is  dissolved  by  water  in 
the  quantity  necessary  to  support  the  respiration  of  the  in¬ 
numerable  creatures  that  inhabit  the  waters  of  the  globe. 
It  may  be  breathed  in  the  unmixed  state,  but  its  action  too 
greatly  excites  the  system,  and  death  after  a  time  ensues. 
If  a  considerable  animal,  as  a  rabbit  or  a  dog,  is  placed  in 
this  air,  no  effect  is  at  first  observed  ;  but  after  a  time,  as 
an  hour,  the  circulation  and  breathing  become  rapid,  ex¬ 
haustion  at  length  ensues,  then  insensibility,  and  in  12 
hours  or  less,  death  ;  and,  on  examining  the  dead  creature, 
the  blood  is  seen  to  be  of  a  bright  red  in  every  part  of  the 
body,  the  heart  frequently  beating  after  breathing  has  ceased  ; 
and  on  the  other  hand,  no  animal  is  found  to  live  in  an  at¬ 
mosphere  deprived  of  this  element. 
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Oxygen,  in  combining  with  the  other  bodies  termed  simple, 
forms  two  classes  of  compounds,  the  first  termed  oxides,  the 
second  acids  ;  and  sulphur  observes  the  same  laws  of  combi¬ 
nation. 

No  experiments,  direct  or  indirect,  have  yet  shewn,  that 
oxygen  has  ever  been  decomposed,  or  formed  by  the  union 
of  other  elements.  In  its  actions  and  modes  of  combination, 
it  exhibits  a  parallelism  with  sulphur,  chlorine,  and  even  cy¬ 
anogen.  The  only  known  bodies  whose  atomic  weight  will 
allow  us  to  resolve  them  into  oxygen,  are  hydrogen  and  car¬ 
bon.  We  may  suppose  that  a  molecule  of  each  combines 
and  forms  a  molecule  of  the  root  H  C,  and  that  this  root, 
combining  with  an  equivalent  of  hydrogen,  forms  H2  C, 
which  we  may  employ  as  an  expression  for  oxygen.  A 
further  molecule  of  carbon,  on  the  assumptions  made  in  the 
table,  constitutes  nitrogen  H2  C2,  so  that  a  molecule  of 
nitrogen,  on  this  supposition,  differs  from  one  of  oxygen  by 
a  molecule  of  carbon. 

If  we  suppose  nitrogen  to  be  a  compound  body,  we  must, 
by  a  parity  of  reasoning,  suppose  oxygen  to  be  so  ;  for  there 
is  no  such  difference  in  the  physical  or  chemical  characters 
of  the  two  bodies,  as  can  allow  us  to  assume  that  the  one  is 
derivative  and  the  other  simple. 


36 


SIMPLE  BODIES  OF  CHEMISTRY. 


IV.  NITROGEN. 


This  substance,  constituting  about  |  of  the  volume  of  the 
atmosphere,  entering  largely  into  the  composition  of  organic 
bodies,  and  forming  a  part  of  innumerable  substances  exist¬ 
ing  in  the  mineral  kingdom,  is  an  element  everywhere  dif¬ 
fused.  It  exists  at  all  common  temperatures  as  an  aeriform 
fluid,  without  colour,  taste,  or  odour,  and  has  not  yet  been 
condensed  into  the  liquid  state,  under  any  degree  of  cold 
and  pressure.  Its  specific  gravity  is  .9722,  or  according  to 
some  .976.  It  is  eminently  irrespirable,  and  no  animal  can 
live  in  it  beyond  the  briefest  period.  It  was  thence  termed 
azote,  from  a  privative,  and  life,  in  contradistinction 
to  the  respirable  portion  of  the  atmosphere,  then  termed 
vital  air.  It  does  not  support  combustion,  and  all  burning 

f 

bodies  immersed  in  it  are  in  an  instant  extinguished.  It  is 
not  itself  inflammable,  but  it  combines  with  oxygen  under 
conditions  favourable  to  the  union,  that  is  in  the  nascent 
state,  for,  when  it  has  passed  into  gas,  it  is  very  difficult  to 
effect  the  combination.  It  manifests  no  acid  reaction,  and 
so  does  not  affect  the  colour  of  plants,  nor  combine  with  the 
alkalies. 

On  comparing  this  substance  with  oxide  of  carbon,  we 
find  a  similarity  of  characters  sufficient  to  justify  the  opi¬ 
nion  that  they  are  of  a  similar  nature.  This  latter  body  ex¬ 
ists  likewise  at  all  known  temperatures,  as  an  aeriform  fluid, 
without  colour,  taste,  or  odour,  and  has  not  been  condensed 
into  the  liquid  state,  under  any  degree  of  cold  and  pressure. 
Its  specific  gravity  is  the  same  as  that  of  nitrogen,  namely, 
.9722.  It  is  wholly  irrespirable,  producing,  when  breathed, 
almost  instant  insensibility.  It  does  not  support  combustion, 
but.  when  ignited,  burns  with  a  faint  blue  flame.  It  thus 
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differs  from  nitrogen,  in  its  facility  of  combining  with  oxy¬ 
gen,  but  this  is  a  difference  common  to  other  bodies,  as  the 
metals  in  their  different  states.  All  the  other  characters 
of  the  two  bodies  are  extremely  alike.  They  are  both  emi¬ 
nently  neutral  with  respect  to  other  substances.  They  both 
combine  with  chlorine,  although  this  is  regarded  an  ano¬ 
maly  in  the  case  of  an  oxide,  yet  it  is  no  anomaly  if  nitrogen 
be  likewise  an  oxide  of  carbon. 

An  opinion  has  long  been  entertained  by  chemists,  that 
nitrogen  is  a  compound  body,  and  both  Berzelius  and  Davy 
have  eagerly  supported  this  opinion.  But  as  nitrogen  has 
resisted  the  attempts  to  decompose  it,  chemists  have  been 
contented  to  acquiesce  in  their  own  dictum,  that  we  must 
regard  it  as  simple,  because  we  have  not  been  able  to  prove 
it  compound.  The  juster  argument  would  be,  that  we  must 
regard  it  as  compound,  although  we  have  not  been  able  to 
prove  it  so  by  the  agents  we  have  employed. 

But  although  nitrogen  may  not  have  been  directly  decom¬ 
posed,  there  is  reason  to  believe  that  in  numerous  unheeded 
experiments  of  the  laboratory,  its  compound  nature  has  been 
again  and  again  shewn.  When  bitartrate  of  potassa  is  dis¬ 
tilled,  carbonate  of  ammonia  is  produced,  the  nitrogen  of  the 
ammonia  being  beyond  a  question  derived  from  the  carbon 
and  oxygen  of  the  tartrate. 

Some  years  ago  I  commenced  a  series  of  experiments  for 
the  purpose  of  proving  directly  the  composition  of  nitrogen. 
But  being  interrupted  in  these  experiments,  and  not  having 
since  had  an  opportunity  of  verifying  the  results,  I  shall  not 
here  found  upon  them  at  all.  I  am  contented  for  the  pre¬ 
sent  to  shew  by  the  arguments .  which  induction  supplies, 
that  nitrogen  is  a  compound  body,  and  composed  of  the  same 
elements  as  the  oxide  of  carbon. 

But  it  does  not  follow  that  nitrogen  is  the  same  body  as 
oxide  of  carbon.  It  is  manifest  that  the  elements  of  these 


38 


SIMPLE  BODIES  OF  CHEMISTRY. 


bodies  are  related  to  one  another  by  a  different  degree  of 
affinity,  for  while  the  elements  of  the  oxide  may  be  separ¬ 
ated  by  many  bodies,  those  of  the  other  remain  fixed  un¬ 
der  the  most  powerful  agents  of  decomposition.  Further, 
the  two  bodies  are  in  a  different  relation  to  heat,  for  the 
specific  heat  of  nitrogen  is  more  than  that  of  carbonic 
oxide.  We  are  not,  therefore,  to  suppose  that  these  two 
bodies  must  present  the  same  analogies  in  their  own  actions, 
or  in  the  actions  of  their  compounds,  which  we  assume  them 
to  possess  in  their  composition.  Thus,  we  are  not  to  infer 
that  carbonic  acid,  CO  +  0,  must  be  similar  in  its  characters 
to  nitrous  oxide  N  +  0.  In  carbonic  acid  the  elements  of 
the  root  are  loosely  combined,  if  we  may  so  speak,  and  the 
second  equivalent  of  oxygen  must  have  a  relation  to  the  root 
different  from  that  of  the  equivalent  of  oxygen  to  the  root 
in  nitrous  oxide.  While  I  maintain,  with  all  the  confidence 
that  I  can  place  in  inductive  reasoning,  that  nitrogen  is 
isomeric  with  carbonic  oxide,  in  the  number  and  ratio  of  its 
elements,  I  do  not  maintain  that  nitrogen  is,  in  all  respects, 
the  same  body  as  carbonic  oxide. 

Hydrogen,  or  the  molecules  of  hydrogen,  it  has  been  seen, 
may  be  supposed  to  combine  with  carbon,  and  form  oxygen, 
and  oxygen  to  combine  with  carbon,  or  the  molecules  of  car¬ 
bon,  and  form  nitrogen.  But  when  we  arrive  at  nitrogen  in 
the  descending  order,  there  are  two  groups  of  bodies  almost 
equally  related  to  it,  namely  sulphur,  phosphorus,  and  the 
bodies  allied  to  them,  and  chlorine  and  its  analogues.  It 
will  be  convenient  to  consider,  in  the  first  place,  the  latter 
class  of  bodies,  which  have  many  characters  in  common 
with  the  sulphur  group,  and  may  be  regarded  as  proceeding 
from  a  common  root.  These  bodies  are  fluorine,  chlorine, 
bromine,  and  iodine. 


V.  FLUORINE. 


It  is  doubted  whether  this  substance  has  yet  been  ob¬ 
tained  separately  from  other  matter,  although  many  attempts 
have  been  made  to  insulate  it.  M.  Baudrimont,  however,  by 
transmitting  fluoride  of  boron  over  binoxide  of  lead,  obtain¬ 
ed  a  gas  which  he  conceived  to  be  fluorine,  and,  by  employ¬ 
ing  another  process,  he  procured  it  mixed,  as  he  supposed, 
with  hydrofluoric  and  fluosilicic  acids,  and  he  describes  it  as 
a  gas  of  a  yellowish  brown  colour,  having  an  odour  resem¬ 
bling  chlorine,  capable  of  bleaching,  and  as  not  acting  on 
glass  ;  and  two  gentlemen,  Messrs  Knox,  obtained  similar 
results.  Other  chemists  have  not  been  able  to  verify  the 
experiments  :  nevertheless,  it  is  extremely  probable  that  the 
characters  given  are  really  those  of  fluorine,  which,  in  this 
case,  would  greatly  resemble  chlorine. 

The  combining  weight  of  this  substance  has  been  esti¬ 
mated  by  Berzelius  at  18.75,  by  others  at  18.08.  It  com¬ 
bines  with  other  bodies  in  a  manner  so  similar  to  chlorine, 

that  it  is  impossible  to  doubt  the  intimate  relation  of  the 
two  substances. 

It  combines  with  hydrogen,  forming  an  acid  similar  to  that 
which  chlorine  forms  with  the  same  element.  Hydrofluo¬ 
ric  acid  is  a  colourless  liquid  at  the  temperature  of  32°  F.. 
and  retains  the  liquid  state  at  the  temperature  of  59°  or  60°, 
provided  the  external  air  is  excluded,  but  in  open  vessels 
it  is  dissipated  violently  in  dense  fumes.  When  a  drop  of 
it  falls  in  water,  ahissingnoise  takes  place,  like  that  produced 
by  immersing  red  hot  iron  in  the  same  liquid.  It  possesses 
the  characters  of  an  acid  in  a  high  degree. 

Of  all  substances  it  is  the  most  corrosive  of  organic  mat¬ 
ter.  When  the  minutest  portion  of  it  touches  the  skin,  im- 
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mediate  disorganization  takes  place  ;  and  hence  the  extreme 
danger  of  experiments  upon  it  in  the  uncombined  state. 

It  dissolves  silica,  its  fluorine  combining  with  silicium, 
and  its  hydrogen  with  oxygen  ;  so  that  there  are  here  two 
affinities  called  into  play,  namely,  that  of  fluorine  for  sili¬ 
cium,  and  fluo-silicic  acid  for  the  water  to  be  generated.  It 
in  like  manner  acts  upon  boracic  acid,  whose  composition  is 
similar  to  silicic  acid,  and  on  titanic,  molybdic,  and  tungstic 
acids,  whose  composition,  it  is  believed,  also  approaches  to 
that  of  silica.  It  acts  powerfully  upon  glass,  the  fluorine 
entering  into  combination  with  silicium. 

Fluorine  probably  combines  with  all  the  true  metals,  its  af¬ 
finity  being  greatest  for  potassium  and  the  other  alkalige- 
nous  metals,  and  gradually  lessening  for  the  less  oxidable 
ones.  With  calcium  it  is  found  combined  in  the  natural 
state,  forming  the  beautiful  mineral  fluor-spar. 

The  combination  of  fluorine  with  silicium  forms  a  colour¬ 
less  transparent  gas,  having  an  odour  similar  to  that  of 
hydrochloric  acid,  which  extinguishes  flame  and  irritates 
painfully  the  respiratory  organs.  It  has  the  characters  of 
an  acid  in  a  high  degree.  It  is  absorbed  by  water,  which 
it  decomposes  at  the  instant  of  contact,  so  that  when  mixed 
with  the  air  of  the  atmosphere,  it  forms  a  white  cloud. 

Fluoboric  acid,  like  the  last,  is  a  colourless  gas,  hav¬ 
ing  a  penetrating  odour,  similar  to  that  of  hydrochloric 
acid.  It  has  the  acid  characters  in  a  high  degree.  It  acts 
upon  water  in  the  same  manner  as  fluosilicic  acid,  and  in¬ 
dicates  the  minutest  quantity  of  moisture  in  the  air  by  the 
white  cloud  which  it  forms.  It  does  not  act  upon  glass. 
These  two  compounds,  then,  are  extremely  similar,  indicat¬ 
ing  a  similarity  in  the  nature  of  the  bases,  silicium  and 

boron. 


(  41  ) 


VI.  CHLORINE. 

Chlorine  exists  at  common  temperatures  in  the  gaseous 
state.  It  is  of  a  greenish-yellow  colour,  and  has  a  suffo¬ 
cating  odour.  It  is  wholly  irrespirable,  producing,  when 
received  into  the  lungs,  even  in  small  quantity,  painful 
spasms,  and  a  dangerous  irritation.  It  may  be  reduced  to 
the  liquid  form  by  a  pressure  equal  to  about  4  atmospheres, 
or  60  lb.  on  the  square  inch.  It  then  becomes  a  limpid  fluid 
of  a  bright  yellow  colour,  which  has  not  been  solidified.. 

Chlorine  gas  is  absorbed  by  water,  and,  at  a  low  tempera¬ 
ture,  combines  with  it  in  a  definite  proportion.  Under 
certain  conditions,  it  is  acted  upon  by  the  solar  light.  If 
water  be  present,  chlorine  gas  decomposes  the  water  under 
the  influence  of  this  agent,  combining  with  the  hydrogen  of 
the  water,  and  forming  hydrochloric  acid.  The  change 
takes  place  quickly  in  sunshine,  more  slowly  in  diffused  day¬ 
light,  and  not  at  all  in  the  dark.  Chlorine,  in  combining  with 
certain  bodies,  produces  an  evolution  of  heat  and  light.  All 
the  metals  combine  with  it,  and  most  of  them  inflame  in  it, 
when  exposed  to  heat,  and  several  of  them,  when  reduced 
to  a  minute  state  of  division,  take  fire  in  it  at  ordinary  tem¬ 
peratures,  the  chlorine  combining  with  the  metal.  It  has  a 
very  powerful  attraction  for  hydrogen,  and  many  of  the 
phenomena  to  which  its  action  gives  rise  are  due  to  this 
affinity.  It  has  the  property  of  destroying  the  colour  of 
animal  and  vegetable  substances.  The  presence  of  water 
seems  to  be  necessary  to  this  action  ;  the  chlorine  decom¬ 
posing  the  water,  and  uniting  with  its  hydrogen.  Sulphur 
possesses  in  some  degree  this  property,  and  some  of  its  com¬ 
pounds  strongly.  Chlorine  possesses  the  property  of  acting 
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upon  the  putrid  effluvia  arising  from  animal  and  vegetable 
substances,  and  destroying  their  odour. 

The  combining  weight  of  chlorine  has  been  calculated 
at  35.47,  though  chemists  are  not  agreed  on  the  precise 
number.  It  combines  with  other  bodies  in  the  manner  of 
oxygen  and  sulphur,  forming  chlorides,  just  as  they  form 
oxides  and  sulphurets.  It  exhibits  many  points  of  analogy 
with  sulphur,  both  in  its  own  actions  and  those  of  its  com¬ 
pounds.  The  assumed  composition  of  sulphur,  as  shewn  in 
the  table,  is  IF  0  0,  or  C  0  ~fH2 ;  the  composition  of  chlorine 
is  H7  C2  O2,  or  2  CO  +  H7,  so  that  both  bodies  may  be  sup¬ 
posed  to  be  derived  from  the  same  secondary  root  CO  =  N. 

Chlorine,  like  sulphur,  combines  with  oxygen  in  various 
proportions.  These  compounds  constitute  a  group  in  which 
the  oxygen  is  connected  with  the  chlorine  by  slight  affini¬ 
ties,  and  from  which  it  is  readily  separated.  On  this  account 
they  form  substances  of  great  explosive  powers.  The  com¬ 
bination  Cl  +  0,  instantly  destroys  vegetable  colours  in  the 
manner  of  chlorine  itself.  And  the  same  property  is  pos¬ 
sessed,  though  in  a  fainter  degree,  by  the  compound  of  sul¬ 
phur  with  oxygen,  SO  -f-  0. 

Chlorine,  it  has  been  said,  has  a  great  affinity  for  hydro¬ 
gen.  Hydrochloric  acid  is  at  ordinary  temperatures  in  the 
state  of  gas,  but  it  becomes  liquid  under  a  pressure  of  40 
atmospheres,  at  a  temperature  of  50°.  This  gas  is  without 
colour,  and  has  an  acrid  suffocating  odour,  producing  spasms. 
It  has  intense  affinity  for  water,  and  whenever  it  escapes 
into  the  air,  it  is  absorbed  by  the  watery  vapour,  and  a 
dense  white  cloud  appears.  If  a  jar  filled  with  it  be  opened 
under  water,  the  absorption  of  it  is  immediate,  and  the 
water  rushes  into  the  vessel  with  violence.  It  is  in  this 
state  of  aqueous  solution,  that  hydrochloric  acid  is  chiefly 
employed,  and  has  been  long  known  under  the  name  of 
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spirit  of  salt,  and  marine  or  muriatic  acid.  Tliis  solution 
emits  copious  white  fumes  on  exposure  to  the  air,  freezes 
at  60°,  and,  boiling  at  110°,  gives  off  hydrochloric  acid. 

Chlorine,  like  fluorine,  combines  with  silicium,  forming  a 
volatile  liquid,  which,  when  exposed  to  the  air,  evaporates 
almost  instantaneously  in  the  form  of  a  white  vapour. 

It  likewise  combines  with  boron,  forming  an  acid.  The 
compound  is  a  colourless  gas,  having  a  strong  peculiar  odour. 
It  is  rapidly  absorbed  by  water,  and  is  then  decomposed. 

Chlorine  combines  with  all  the  other  substances  with 
which  oxygen  and  sulphur  combine.  Its  affinity  is  greatest 
for  the  alkaligenous  metals,  and  gradually  diminishes  for  the 
less  oxidisable.  Its  compounds  are  of  the  highest  interest  in 
chemical  science,  in  the  arts,  and  in  the  economy  of  nature. 


The  compound  body  cyanogen  presents  a  close  analogy 
with  chlorine  in  its  actions  and  modes  of  combination.  Now 
cyanogen  is  resolvable  into  nitrogen  and  carbon  C2  N. 
At  common  temperatures  it  exists  in  the  state  of  gas,  but 
at  the  temperature  of  45°,  and  under  a  pressure  of  3.6  at¬ 
mospheres,  it  becomes  a  clear  liquid,  which  resumes  the 
gaseous  form  when  the  pressure  is  removed.  The  gas  is 
colourless,  and  possesses  a  strong  offensive  odour.  It  ex¬ 
tinguishes  burning  bodies,  but  is  itself  inflammable,  burn¬ 
ing  with  a  purple  flame.  It  supports  a  powerful  heat  with¬ 
out  being  decomposed.  It  is  absorbed  by  water  in  large 
quantity,  and  then  undergoes  decomposition.  Cyanogen 
does  not,  any  more  than  chlorine,  exhibit  the  properties  of 
an  acid,  but  its  aqueous  solution  does,  by  the  production  of 
acids  from  the  mutual  decomposition  of  the  cyanogen  and 
water.  It  combines  directly  with  substances  deemed  ele¬ 
mentary,  as  oxygen,  hydrogen,  sulphur,  and  the  metals,  in 


the  manner  of  chlorine.  It  combines  with  hydrogen,  sul¬ 
phur,  chlorine,  and  the  allied  bodies.  Hydrocyanic  acid 
H  +  Cy  is  a  colourless  liquid,  and  is  still  liquid,  when  free 
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from  water,  at  the  temperature  —  64  F .  It  has  a  pene¬ 
trating  suffocating  odour.  It  is  one  of  the  most  deadly  of 
known  poisons.  It  readily  undergoes  decomposition  undei 
the  influence  of  light. 

Now,  to  what  are  we  to  attribute  this  remarkable  paral¬ 
lelism  between  chlorine  and  cyanogen,  the  one  a  body  which 
we  assume  to  be  simple,  the  other  a  body  which  we  know 
to  be  compound  'l  Is  it  possible  to  believe,  that  these  sub¬ 
stances,  so  much  alike,  are  yet  dissimilar  in  their  essential 
constitution,  and  that  the  one  is  compound  and  derivative, 
and  the  other  simple,  and  not  derived  from  other  bodies  \ 
Are  we  not  compelled  to  believe,  that  substances  so  much 
alike  in  their  chemical  actions  are  of  a  similar  nature,  and 
that  what  is  true  of  the  one,  with  respect  to  its  constitution, 
must  be  true  of  the  other  ?  Can  we  place  in  the  balance 
against  so  many  strong  analogies,  the  merely  negative  re¬ 
sult,  that  we  have  been  unable  to  decompose  chlorine  in  the 
laboratory  ?  If  such  reasoning  is  allowed  in  Chemistry,  it 
will  be  admitted  that  there  is  no  other  branch  of  physics  in 
which  it  would  be  tolerated. 

Cyanogen  is  represented  by  C2  N,  which,  upon  the  sup¬ 
position  made  in  the  table,  =H2  C4,  and  chlorine  upon  the 
same  data  is  represented  by  H11  C4,  so  that  the  two  bodies, 
under  the  suppositions  made,  present  the  closest  analogy  in 
composition,  and  both  contain  the  elements  of  nitrogen. 
And  even  independently  of  the  conclusion  arrived  at  by  this 
train  of  argument,  we  should  have  been  justified,  when  we 
had  determined  that  cyanogen  contained  nitrogen  as  a  base, 
in  assuming  that  chlorine  likewise  contained  nitrogen,  or 
the  elements  of  nitrogen,  as  a  base. 
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VII.  BROMINE. 

Bromine  exists  in  salt  springs  and  the  waters  of  the  ocean, 
and  is  found  in  the  ashes  of  certain  maritime  plants  and 
marine  mollusca.  It  appears  to  exist  in  sea- water,  as  a  bro¬ 
mide  in  combination  with  sodium  or  magnesium,  and  may 
be  procured  from  this  source.  The  agent  employed  to  se¬ 
parate  it  is  chlorine,  which,  from  its  superior  affinity,  unites 
with  the  base,  and  sets  the  bromine  free.  The  bromine 
is  then  driven  off  by  heat,  in  the  form  of  vapour,  and  con¬ 
densed  in  a  tube  cooled  by  ice  ;  but  other  methods  more  con¬ 
venient  for  obtaining  it  in  quantity  may  be  adopted. 

Bromine  at  common  temperatures  is  in  the  liquid  state. 
It  appears  opaque,  and  of  a  dark  reddish-brown  colour,  when 
looked  at  in  a  mass,  but  of  a  hyacinth-red,  when  in  a  drop  or 
thin  stratum,  and  seen  by  transmitted  light.  Its  taste  is 
acrid  and  strong,  and  its  odour  suffocating  and  offensive  ; 
from  which  latter  character  its  name  has  been  derived, 
(3gu^og,  signifying  strong  or  bad  odour.  When  cooled  a  few 
degrees  below  zero,  it  congeals  all  at  once,  becomes  brittle, 
and  it  may  be  said,  metallic.  It  is  a  volatile  substance,  emit¬ 
ting,  at  common  temperatures,  red-coloured  fumes,  resem¬ 
bling  those  of  nitrous  acid,  N  O4.  Its  vapour  is  entirely 
irrespirable.  A  lighted  taper  placed  in  it,  burns  for  a  few 
instants  with  a  flame  green  at  the  base,  and  red  above,  and 
then  is  extinguished.  When  certain  metals  are  brought 
into  contact  with  it,  they  burst  into  a  bright  flame,  and 
burn,  as  in  the  case  of  chlorine,  brilliantly.  It  is  soluble, 
though  in  small  quantity,  in  water,  producing  an  orange- 
coloured  solution.  When  in  contact  with  water  at  32°,  it 
forms  a  hydrate  of  octahedral  crystals,  of  a  fine  red  tint. 
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When  dropped  into  a  solution  of  starch,  it  gives  it  an  orange- 
yellow  colour. 

It  acts  upon  vegetable  colours,  and  destroys  them.  It 
disorganizes  organic  substances,  as  wood  and  muscular  fibre. 
If  it  touches  the  skin,  it  gives  a  yellow  tinge.  It  is  a  most 
fatal  poison,  if  taken  internally.  A  drop  of  it  placed  on  the 
beak  of  a  bird,  has  caused  almost  instant  death.  It  is,  like 
sulphur,  chlorine,  and  iodine,  a  non-conductor  of  electricity. 
Its  specific  gravity  in  the  solid  state  is  2.9966,  and  the  den¬ 
sity  of  its  vapour  is  5.54.  Its  combining  weight  has  been 
calculated  at  78.39. 

In  all  its  combinations  it  exhibits  the  closest  parallelism 
with  chlorine.  Uniting  with  hydrogen,  it  forms  an  acid  in  all 
respects  similar  to  hydrochloric  acid.  This  acid,  in  the  state 
of  gas,  has  an  acid  taste  and  suffocating  odour.  It  is  rapidly 
absorbed  by  water,  and,  when  mixed  with  the  air  of  the 
atmosphere,  it  forms  dense  white  vapours.  It  is  wholly 
irrespirable. 

Bromine  and  chlorine,  then,  are  two  substances  closely 
connected  together,  and  must  be  supposed,  on  every  fair  pre¬ 
sumption,  to  be  derived  from  some  common  root.  By  the 
table,  they  are  both  supposed  to  be  derived  from  the  second¬ 
ary  root  C  0,  chlorine  being  2  C  0  +  H7,  bromine  5  C0  +  H8. 

Supposing  this  to  be  the  composition,  or  something  ap¬ 
proaching  to  the  composition  of  bromine,  we  can  readily 
enough  conceive  that  bromine  may  be  formed  in  sea-water, 
where  all  the  elements  required  to  form  it  are  present ;  but 
we  can  scarcely  conceive  it  to  be  a  physical  truth,  that  two 
distinct  orders  of  molecules  have  been  created,  the  one  to 
form  chlorine,  and  the  other  to  form  the  rare  body  univer¬ 
sally  associated  with  it  in  the  natural  state,  and  which  may 
so  easily  be  conceived  to  be  derived  from  it. 
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VIII.  IODINE. 

This  substance  so  greatly  resembles  chlorine  in  its  chemi¬ 
cal  characters  and  relations,  that  it  is  by  all  chemists  com¬ 
prehended  in  the  same  class  of  bodies.  It  is  found  in  the 
waters  of  the  ocean,  and  in  saline  springs.  It  has  been 
found  in  the  oyster,  and  other  marine  mollusca,  in  the 
sponge  and  other  zoophytes,  and  largely  in  sea-plants,  from 
the  ashes  of  which  it  may  be  obtained. 

Iodine  is  an  opaque  solid,  of  a  bluish  colour  and  metallic 
lustre.  It  is  usually  in  crystalline  scales,  but  may  be  ob¬ 
tained  from  solutions  in  octahedral  crystals.  It  has  an  acrid 
taste,  and  pungent  odour  like  that  of  chlorine.  It  stains  the 
skin  of  a  deep  brownish  yellow,  and,  like  chlorine,  destroys 
vegetable  colours,  although  its  action  is  more  feeble.  It 
fuses  at  225°,  and  enters  into  ebullition  at  347°.  But  when 
exposed  to  even  a  gentle  heat,  it  rises  in  the  form  of  a 
beautiful  vapour,  which  condenses  into  crystals  as  it  cools. 
It  is  from  the  colour  of  this  vapour,  which  is  of  a  rich  violet, 
that  iodine  has  derived  its  name,  Judrig.  The  density  of  this 
vapour  being  8.7,  is  greater  than  that  of  any  known  gas. 

Iodine  is  very  sparingly  soluble  in  water,  requiring  about 
7000  times  its  weight  of  the  liquid  for  solution.  It  is  not 
inflammable,  but,  under  certain  conditions,  can  be  made  to 
unite  with  oxygen.  It  is  a  virulent  poison  on  the  animal 
system,  although  used  in  minute  quantities  as  a  medicine. 
It  has  the  property  of  uniting  with  starch,  and  forming  a 
compound  which  is  insoluble  in  cold  water,  and  distinguished 
by  its  deep  blue  colour.  It  has  an  extensive  range  of  che¬ 
mical  affinities  similar  to  those  of  chlorine  and  bromine,  but 
less  powerful. 

Hydriodic  acid  resembles  the  corresponding  compound  of 
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chlorine  in  its  general  characters.  It  is  in  the  gaseous  form, 
has  an  odour  similar  to  that  of  hydrochloric  acid,  and,  like 
it,  reddens  vegetable  colours.  It  is  instantly  absorbed  by 
water,  and,  when  mixed  with  the  air  of  the  atmosphere, 
white  fumes  are  produced. 

The  close  relation,  then,  of  iodine  and  chlorine  cannot  be 
doubted,  and  the  question  naturally  arises,  whether  it  is 
more  reasonable  to  conclude,  that  these  analogous  bodies 
are  derived  from  the  same  molecules,  or  that  each  is  com¬ 
posed  of  molecules,  original,  distinct,  and  proper  to  itself? 
Surely  we  ought  not  to  hesitate  between  the  two  hypo¬ 
theses.  The  bodies  themselves  have  all  the  marks  of  being 
derived  from  a  common  root ;  the  one  is  an  abundant  pro¬ 
duct  of  nature,  the  other  is  found  only  in  small  quantity, 
and  never  but  when  the  other  is  present,  or  may  have  been 
present. 

In  the  table,  iodine  is  represented  by  8  C  0  +  H14,  making 
its  combining  weight  126.64,  which  agrees,  within  a  fraction, 
with  that  assigned  to  it  by  experiment,  namely,  126.57.  It 
may  be  supposed  to  be  derived  from  the  same  secondary  root 
as  chlorine  and  bromine,  namely,  CO. 

If  this  be  the  composition,  or  nearly  the  composition, 
of  iodine,  we  can  have  little  difficulty  in  accounting  for 
its  existence  when  sea-water  is  present.  It  is  nothing 
that  we  have  been  unable  to  form  such  a  compound  in  the 
laboratory.  It  is  formed  in  the  laboratory  of  the  animal 
and  vegetable  organs,  by  a  chemistry  which  we  cannot 
imitate  ;  and  this  mutation  is  no  more  surprising  than  that 
of  carbon  and  the  elements  of  water  into  gum  and  sugar, 
nor  than  the  innumerable  processes  of  the  animal  system 
by  which  known  bodies  are  converted  into  compounds  which 
cannot  be  produced  by  art. 
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IX.  SULPHUR. 

Sulphur  is  a  solid,  brittle  substance,  of  a  greenish  yellow 
colour,  having  little  taste,  and  emitting  a  peculiar  odour 
when  rubbed.  It  is  found  abundantly  in  the  mineral  king¬ 
dom,  and  is  the  produce,  in  an  especial  degree,  of  volcanic 
countries.  It  is  found  massive  or  in  crystals,  forming  a 
part  of  many  mineral  species.  It  is  found  especially  com¬ 
bined  with  various  metals,  as  iron,  lead,  copper,  zinc  :  it 
exists  in  all  the  great  series  of  rock  formations,  and  extends  v 
throughout  the  vegetable  and  animal  kingdoms. 

Sulphur  is  a  slow  conductor  of  heat,  and  a  non-conductor 
of  electricity,  and,  when  rubbed,  the  negative  or  resinous 
electricity  is  excited.  Its  density  is  1.98,  being  nearly  twice 

that  of  water.  Its  combining  weight  is  usually  reckoned 
16.12. 

It  melts  at  the  temperature  of  216°  F.  ;  it  becomes,  by 
further  heat,  as  fluid  as  water,  and  of  an  amber  colour, 
and,  being  then  cast  into  moulds,  it  forms  the  roll  sulphur 
of  commerce ;  by  a  further  increase  of  heat,  it  becomes 
so  viscid,  that  the  vessel  in  which  it  is  contained  may  be  in¬ 
verted  without  its  falling  out ;  by  a  yet  further  increase  of 
heat,  it  becomes  again  liquid,  and  if,  in  this  state,  it  be 
poured  into  water,  it  forms  a  soft,  ductile,  transparent  mass. 

It  is  a  very  volatile  body,  rising  in  vapour  before  it  is 
wholly  fused.  It  continues  to  be  driven  off  according  to 
the  heat  applied,  until  at  550°  or  600°  it  is  rapidly  volati¬ 
lized.  This  action,  termed  sublimation,  is  usually  employ¬ 
ed  to  purify  sulphur,  which  is  obtained  in  the  form  of  crys¬ 
talline  grains  known  in  the  arts  as  flowers  of  sulphur. 
When  heated  in  the  open  air  to  about  300°  F.,  it  takes  fire 

and  burns  with  a  faint  blue  flame,  emitting  suffocating  fumes 
of  sulphurous  acid. 
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It  is  itself  insoluble  in  water,  though,  when  precipitated 
from  solutions  in  which  it  is  contained,  it  unites  with  a  de¬ 
finite  quantity  of  water,  forming  a  white  powder,  familiarly 
termed  milk  of  sulphur. 

It  combines  with  hydrogen,  carbon,  oxygen,  and  nitrogen  ; 
with  chlorine,  and  the  bodies  allied  to  it ;  with  phosphorus, 
arsenic,  and  the  bodies  of  the  same  class  ;  with  silicium,  and 
all  the  metals  ;  and  it  may  be  said  with  every  substance  with 
which  oxygen  combines.  It  may  in  general  be  substituted 
for  oxygen  in  the  compounds  into  which  the  lattei  enteis, 
and,  like  oxygen,  it  forms  a  class  of  salts  in  which  it  holds 
the  place  of  oxygen,  as  well  in  the  acid  as  the  base. 

Of  its  compounds  with  oxygen,  one  is  sulphurous  acid. 
This  substance,  S  O2,  is  the  product  of  the  combustion  of  sul¬ 
phur  in  dry  air,  or  oxygen.  It  is  a  gas  at  ordinary  tem¬ 
peratures,  but  is  readily  rendered  liquid  by  being  passed 
through  a  tube,  surrounded  by  a  freezing  mixture.  It  is 
not  decomposed  at  a  high  temperature,  but  various  bodies, 
as  carbon,  hydrogen,  and  the  alkaligenous  metals,  which 
have  a  strong  affinity  for  oxygen,  decompose  it  at  a  red 
heat.  It  has  feeble  acid  properties,  and  produces  a  class  of 
salts  which  considerably  resemble  the  corresponding  sul¬ 
phates,  but  which  are  readily  decomposed  by  acids.  It  acts 
on  many  vegetable  colours,  for  which  reason  the  fumes  of 
sulphur  are  employed  to  blanch  certain  substances,  as  silk 

and  straw. 

It  may  be  supposed  to  be  derived  from  a  root  S  0,  which 
has  not  been  insulated,  and  may  itself  be  regarded  as  a  se¬ 
condary  root  of  a  series  of  compounds,  thus  : 

Sulphurous  acid. 

Sulphuric  acid, 

Hyposulpliurous  acid, 

Chlorosulpliuric  acid, 

Iodosulplmric  acid, 


SOi> 

S  O2  -f  0 
S  0  -  -f  S 
S  O2  +  Cl. 
S  O2  -f  I 


.SULPHUR. 
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Hydrosulphuric  acid  (HS)  exists  at  ordinary  tempera¬ 
tures  m  the  gaseous  state,  but  under  a  pressure  of  17  at¬ 
mospheres,  and  at  a  temperature  of  50°  F.,  it  is  condensed 
into  a  very  clear  liquid,  which  re-assumes  the  gaseous  form 
on  the  pressure  being  removed.  It  has  a  strong  offensive 
odour.  It  is  very  injurious  to  animal  life.  The  presence  of 
only  i  Jo  o  part  in  air  was  found  by  the  experiments  of  Messrs 
Thenard  and  Dupuytren,  to  be  instantly  fatal  to  a  little  bird  ; 
1500  part  killed  a  middle-sized  dog ;  and  a  horse  died  in  an 

atmosphere  which  contained  only  ^  part  of  its  volume 
of  it. 


It  extinguishes  the  flame  of  burning  bodies,  but  is  itself 
inflammable,  burning  with  a  faint  blue  flame,  the  products 

being  water,  sulphurous  acid,  and  sulphur.  It  is  rapidly  ab¬ 
sorbed  by  water. 


This  substance  manifests  slight  acid  jwoperties.  It  re¬ 
sembles  water  or  protoxide  of  hydrogen  in  this,  that  it 
combines  with  another  equivalent  of  sulphur,  and  forms  a 
persulphuret  HS2,  which  resembles  in  a  striking  manner 
the  corresponding  peroxide  of  hydrogen.  M.  Thenard,  the 
discov er er  of  the  latter  substance,  treats  at  length  of  these 
points  of  analogy.  Both  have  blanching  properties,  and 
whiten  the  skin ;  both  are  acted  upon  in  a  similar  manner 
by  the  same  bodies.  Thus,  charcoal-powder,  platinum, 
gold,  peroxide  of  manganese,  and  the  oxides  of  gold  and 
silver,  which  effect  the  reduction  of  peroxide  of  hydro¬ 
gen  into  water  and  oxygen,  effect  the  reduction  of  persul¬ 
phuret  of  hydrogen  into  sulphuretted  hvdrogen  and  sul¬ 
phur. 

We  need  not  pursue  furtherthe  analogies  between  sulphur 
and  oxygen.  I  hey  are  so  great  that  chemists  very  generally, 
m  their  arrangement  of  the  simple  bodies,  associate  them 


together  as  forming  a  class,  but  they  have  omitted  to  refer 
this  similarity  of  properties  to  that  which  we  may  fairly 
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assume  to  be  the  cause — similarity  of  constitution.  In  the 
table  I  have  supposed  sulphur  to  be  resolved  into  H2CO  = 
H4  C2.  Oxygen  is  assumed  to  be  represented  by  H2  C,  so 
that  sulphur  contains  twice  the  elements  of  oxygen  in  pre¬ 
cisely  the  same  ratio.  This  similarity  of  constitution  is  m 
perfect  harmony  with  the  similarity  of  character s,  and  I 
cannot  accordingly  entertain  a  doubt  that  the  formulae  ie- 
present  truly  the  composition  of  both  bodies. 

Sir  Humphry  Davy,  in  some  of  his  earlier  experiments, 
was  led  to  the  conclusion  that  sulphur  contained  hydrogen. 
He  found  sulphuretted  hydrogen  to  be  disengaged,  when 
he  exposed  sulphur  to  the  action  of  platinum-points  ignited 
by  voltaic  action.  He  found  likewise,  that,  when  an  allo^y 
of  tellurium  and  potassium  was  acted  upon  by  melted  sul¬ 
phur,  telluretted  and  sulphuretted  hydrogen  were  disen¬ 
gaged  equal  to  at  least  80  times  the  volume  of  the  sulphur 
employed.  He  states,  that  he  made  many  experiments  of 
this  kind  with  similar  results,  the  sulphur  having  been  sub¬ 
limed  in  azote,  and  moisture  excluded  with  the  greatest 
care  ;  and  he  remarks,  that  while,  in  the  experiments  with 
voltaic  electricity,  it  might  be  supposed  that  the  h)  di  ogen 
which  was  evolved,  being  only  in  small  quantity,  was  the 
consequence  of  accidental  mixture,  in  the  otliei  expeiiment 
with  the  alloy,  the  quantity  of  hydrogen  evolved  was  too 

great  to  allow  of  such  an  inference. 

These  important  experiments  seem  to  have  remained 
unheeded  by  Davy  himself,  and  all  subsequent  chemists 
have  agreed  to  regard  the  result  as  a  consequence  of  the 
impurity  of  the  sulphur.  It  is  more  probable  that  a  portion 

of  the  sulphur  itself  was  decomposed. 

If  we  admit  the  conclusion  to  which  all  analogy  conducts 
us,  that  sulphur  is  a  compound  body,  we  are  necessarily  led 
to  the  conclusion,  that  oxygen  is  likewise  compound. 
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X.  SELENIUM. 

Selenium  is  one  of  the  rarer  bodies  which  chemical  re¬ 
search  has  added  to  the  substances  termed  simple.  It  has 
been  chiefly  derived  from  iron-pyrites  ;  but  it  has  been 
found  likewise  directly  combined  with  sulphur  in  certain 
volcanic  products,  and  sparingly,  in  combination  with  some 
metals,  as  copper,  lead,  silver,  cobalt,  mercury.  It  was  first 
procured  by  Berzelius,  from  a  manufactory  of  sulphuric 
acid,  in  which  impure  sulphur  was  employed.  It  was  found 
that,  in  the  leaden  chamber  in  which  the  sulphur  was  re¬ 
ceived  after  combustion,  there  remained  a  reddish-coloured 
matter,  which,  when  heated  by  the  blow-pipe,  emitted  a 
peculiar  odour,  similar  to  that  of  horse-radish.  This  led 
to  an  investigation  of  the  deposite,  in  order  to  separate  the 
substance  to  which  this  odour  was  owing,  from  the  matters 
with  which  it  was  associated,  and  the  result  was  the  disco¬ 
very  of  this  new  body. 

Selenium,  when  exposed  to  a  heat  somewhat  higher  than 
that  of  boiling  water,  melts,  and,  on  cooling,  becomes  solid. 
It  is  then,  like  sulphur,  a  brittle  opaque  substance,  without 
taste  or  odour.  It  has  a  metallic  lustre,  and  when  broken, 
its  fracture  has  the  aspect  of  lead. 

At  the  temperature  of  212°,  it  is  semi-fluid,  and  at  a  few 
degrees  higher  it  is  completely  liquid.  When  in  its  semi¬ 
liquid  state  and  cooling,  it  is  so  ductile  that  it  may  be  drawn 
into  fine  elastic  threads,  which  exhibit  the  gray  lustre  of  a 
metal  by  reflected  light ;  but  which  are  transparent,  and  of 
a  red  ruby  colour  by  transmitted  light.  It  boils  at  about 
650°  F,  giving  off  yellow  vapours.  When  sublimed  in  close 
vessels,  it  condenses  into  dark  drops  of  a  metallic  lustre, 
which  unite  into  larger  globules.  When  sublimed  in  the 
open  air,  it  condenses  in  the  manner  of  sulphur,  in  a  fine 
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red  powder.  Like  sulphur,  it  is  insoluble  in  water,  a  bad 
conductor  of  heat,  and  a  non-conductor  of  electricity,  though 
it  is  not,  like  sulphur,  rendered  electric  by  friction. 

But  all  the  general  properties  of  this  substance  connect 
it  with  sulphur,  though  it  approaches  more  in  its  external 
characters  to  those  substances,  which,  from  their  lustre  and 
other  characters,  are  termed  metals.  It  combines  with 
hydrogen,  oxygen,  chlorine,  phosphorus,  and  doubtless  with 
all  the  bodies  with  which  sulphur  combines,  forming  ana¬ 
logous  compounds.  Its  combining  weight  was  calculated 

by  its  distinguished  discoverer  at  39. 63. 

Now,  what  are  the  conclusions  which  we  are  to  draw 
from  the  similarity  of  the  characters  of  sulphur  and  selenium  \ 
Can  we  believe  that  a  substance  like  the  latter,  found  in  such 
rarity,  and  manifestly  exercising  so  slight  an  influence  on 
the  constitution  of  natural  bodies,  is  a  simple  body,  differing 
not  only  from  sulphur,  but  from  the  great  mass  of  substances 
which  exist  in  the  world,  in  its  molecular  constitution  \  It 
were  hard  to  believe  so,  and  it  were  far  more  reasonable  to 
suppose  that  selenium  is  a  mere  chemical  compound,  like 
some  of  the  gems  and  rarer  substances  which  are  found  in 
nature,  produced  by  chemical  combinations  of  other  matters 
existing.  We  cannot  perhaps  bring  the  consideration  of 
final  causes  into  investigations  purely  chemical ;  but  when 
we  find  any  thing  disproportioned,  and  out  of  harmony  in 
nature,  we  are  at  least  bound  to  consider  w h ether  the 
seeming  want  of  fitness  may  not  rest  with  our  inferences. 
Now,  how  can  we  infer  from  the  mere  fact  that  v,  c  have 
been  unable,  by  artificial  means,  to  decompose  this  substance, 
that  it  is  to  be  ranked  amongst  the  primary  or  simple  ele¬ 
ments  of  matter  \  But  if  we  cannot  believe  selenium  to  be 
in  this  class,  so  neither  can  we  believe  that  sulphur  is,  al¬ 
though  greatly  more  extended  in  nature  ;  for  the  tw  o  sub¬ 
stances  are  so  entirely  analogous,  that  what  we  believe  of 
the  constitution  of  the  one,  we  must  believe  of  the  other. 
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XI.  TELLURIUM. 

This  substance  occurs  in  the  metallic  state,  chiefly  asso¬ 
ciated  with  gold,  silver,  and  bismuth.  It  is  of  rare  occur¬ 
rence^  It  has  a  silver-white  colour,  passing  into  leaden  gray, 
with  the  lustre  of  a  brilliant  metal.  It  conducts  electricity, 
although  imperfectly,  and  heat  slowly.  Its  specific  gravity 
is  about  6.2.  It  is  very  brittle,  and  may  be  reduced  to  pow¬ 
der.  It  fuses  at  a  temperature  a  little  higher  than  the  melt¬ 
ing  point  of  lead,  and  when  cooled  slowly,  crystallizes,  as¬ 
suming  tne  rhombohedral  form,  in  which  respect  it  is  iso- 
morphous  with  arsenic  and  antimony.  At  a  red  heat,  it  is 
volatilized.  In  the  air  it  takes  fire  at  a  high  temperature 
and  burns  with  a  bright  blue  flame  bordered  with  green’ 
rising  in  gray-coloured  pungent  fumes.  It  combines  with 
hydrogen,  carbon,  oxygen,  chlorine,  and  other  substances, 
and  m  its  combinations  presents  a  close  analogy  with  sul¬ 
phur,  connecting  it  with  arsenic  and  antimony."  Its  com¬ 
bining  weight  has  been  calculated  at  64.25.  Its  formula  has 
been  assumed  to  be  C 4  O,  which  indicates  4  times  the 

corresponding  elements  of  sulphur.  Similar  remarks  apply 
to  this  substance  as  to  selenium.  We  cannot  without  vio¬ 
lence  to  analogy  assume  that  a  body  so  rare  is  a  primary 
element  of  nature.  It  is,  therefore,  a  compound  body,  and 

so  likewise  must  sulphur  be,  which  resembles  tellurium  in 
all  its  essential  chemical  characters. 

The  chain  of  connexion  between  sulphur,  selenium,  and 
tellurium  may  be  said  to  be  unbroken.  They  present  the 
closest  relation  in  their  own  properties,  in  their  affinities 
or  other  bodies,  and  m  the  properties  of  their  correspond¬ 
ing  compounds.  They  all  form  with  1  equivalent  of  hydro- 
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gen  a  class  of  bodies  resembling  one  another,  all  gaseous, 
and  distinguished  by  a  strong  odour.  Combined  with  3 
equivalents  of  oxygen,  they  form  powerful  acids,  whose  salts, 
the  sulphates,  seleniates,  and  telluriates,  correspond  even  to 
their  crystalline  form,  and  the  same  close  relation  is  exhi¬ 
bited  in  their  other  corresponding  compounds. 

But  further,  we  have  seen  that  these  bodies  pass  into  oxy¬ 
gen,  between  which  and  sulphur  there  exists  a  parallelism 
of  properties,  with  respect  to  range  of  affinities  and  modes 
of  combination,  which  strongly  indicates  a  common  oiigin. 
If  we  shall  believe  that  tellurium  is  not  a  simple  body,  we 
are  almost  compelled  to  the  belief  that  oxygen  is  not  a  sim¬ 
ple  body. 

Nor  are  the  links  of  the  chain  broken  at  tellurium.  This 
body  passes  by  anatural  gradation,  into  others,  namely,  arsenic 
and  antimony,  and  the  latter,  through  bismuth,  into  copper 
and  some  of  the  most  perfect  of  the  metals,  as  will  be  after¬ 
wards  shewn.  But  before  proceeding  with  the  description 
of  arsenic  and  antimony,  it  will  be  necessary  to  advert  to  a 
substance,  phosphorus,  to  which  they  aie  all  i  elated  in  so 
far  as  a  common  origin  produces  such  a  relation,  and  which 
itself  is  directly  connected  with  nitrogen.  But  we  are  com¬ 
pelled  to  break  the  continuity  of  the  series  in  this  manner, 
because  we  are  here  adopting  a  linear  arrangement,  which 
is  rarely  that  which  accords  with  the  natural  arrangement 
of  bodies,  whether  in  the  mineral  or  organic  kingdom. 


i 
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XII.  PHOSPHORUS. 

Phosphoi  us,  so  named  from  <pu light,  and  <psg eiv  to  carry, 
from  its  property  of  shining  in  the  dark,  exists  in  the  mi- 
neial  kingdom,  in  plants,  and  largely  in  animals,  from  the 
urine  and  bones  of  which  it  may  be  readily  obtained.  It  is  a 
soft  solid  body,  nearly  of  the  consistency  of  wax.  It  is  usu- 
ally  of  a  light  amber  colour  and  semi-transparent,  but  when 
entiiely  pure,  it  is  nearly  colourless.  By  fusion  and  slow 
cooling,  as  well  as  by  precipitation  from  its  solution  in  naph¬ 
tha,  it  may  be  obtained  in  crystals.  Its  mean  specific  gra¬ 
vity  is  1.748.  It  fuses  at  the  temperature  of  108°  F,  be¬ 
coming,  before  fusion,  perfectly  limpid  and  colourless,  and 
dilating  in  volume  by  .0314,  and  this  liquid,  like  other  very 
inflammable  bodies,  possesses  a  high  refracting  power.  At 
217°  it  begins  to  rise  in  vapour,  and  at  55 0°  it  boils,  and  is 
converted  into  a  colourless  vapour.  When  exposed  to  the 
ail  it  undergoes  a  slow  combustion,  which  is  sensible  even 
at  the  melting  point  of  ice,  and  is  at  length  consumed. 
When  undergoing  oxidation,  it  emits  a  white  vapour,  having 
a  smell  like  garlick,  and  which  is  luminous  in  the  dark. 
This  slow  combustion  of  phosphorus  may  be  retarded  or 
prevented  by  increased  pressure,  and  by  the  presence,  in 
minute  quantity,  of  the  vapour  of  oil  of  turpentine,  and 
some  other  compounds  into  which  carbon  largely  enters. 
In  pure  oxygen,  we  are  informed  by  Dr  Graham,  the  oxida¬ 
tion  does  not  take  place  at  so  low  a  temperature  by  many 
degrees,  as  when  the  oxygen  is  diluted  with  nitrogen,  hy¬ 
drogen,  or  carbonic  acid.  When  kindled  in  the  air,  it  burns 
rapidly,  emitting  a  splendid  white  light,  and  producing  in¬ 
tense  heat ;  and  in  oxygen  gas  its  combustion  is  yet  more  ra¬ 
pid,  and  the  light  evolved  more  beautiful  and  vivid.  Being 
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so  readily  inflammable,  it  is  ignited  by  a  slight  degree  of 
heat.  A  temperature  a  little  beyond  that  of  its  point  of  fu¬ 
sion,  108°  F.,  inflames  it  readily  in  the  air  ;  nay,  friction  and 
pressure  between  the  fingers,  suffice  to  set  it  on  fire,  on 
which  account  it  is  usually  kept  in  water,  and  operated  upon 
in  the  liquid,  and  when  it  is  fused,  the  operation  is  in  like 
manner  performed  in  water.  Further,  it  may  be  volatilized 
even  in  common  air,  by  mixing  with  the  air  a  portion  of  the 
vapour  of  oil  of  turpentine. 

Phosphorus  is  not  soluble  in  water,  but,  when  kept  in  the 
liquid,  it  is  gradually  covered  with  a  white  pellicle,  which 
renders  it  opaque.  It  is  soluble  in  small  quantity  in  alcohol, 
ether,  and  oils.  When  the  solution  in  alchol  or  ether  is 
mixed  with  water,  the  phosphorus  rises  to  the  surface,  though 
heavier  than  the  liquid,  and  takes  fire.  W  hen  the  solution 
in  oil  is  taken  to  a  dark  place  at  a  temperature  not  under 
60°,  it  shines  brightly.  Phosphorus,  like  chlorine,  is  sensible 
to  light,  and  acted  upon  by  the  violet  rays  of  the  spectrum. 

It  enters  into  combination  with  hydrogen,  carbon,  oxygen, 
sulphur,  and  other  bodies.  Its  combining  weight  is  reckoned 
by  most  chemists  to  be  31,  although  others  hold  it,  and  per¬ 
haps  with  better  reason,  to  be  one-half. 

Of  the  compounds  of  phosphorus,  remarkable  ones  are 
formed  by  its  union  with  oxygen.  It  unites  with  hydrogen, 
forming  a  substance  which  has  a  great  analogy  with  the 
combination  of  sulphur  with  the  same  element.  Under  the 
name  of  phosphoretted  hydrogen,  indeed,  it  is  probable  that 
combinations  with  slightly  different  equivalents  of  hydrogen 
are  formed,  but  be  this  as  it  may,  these  compounds  have  a 
strong  resemblance  to  one  another,  as  well  as  to  sulphuietted 
hydrogen.  Now,  sulphur  and  phosphorus  are  seen  by  the 
table  to  be  derived  from  a  common  root  C  0. 

All  analogy  leads  us  to  the  conclusion,  that  phosphorus  is 
intimately  connected  with  nitrogen,  which  forms  so  great  a 
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proportion  of  animal  matter  ;  nay,  there  is  reason  to  assume 
that  phosphorus  is  formed  in  the  animal  body  itself  by  the 
action  of  the  secretory  organs.  We  have  the  proof  of  a 
multitude  of  changes  as  great  as  this,  produced  under  the 
influence  of  the  unknown  forces  which  we  term  Vital.  The 
changes  produced  in  the  blood,  under  the  marvellous  and 
hidden  chemistry  by  which  this  fluid  is  made  to  yield  bone, 
muscle,  fat,  gastric  juice,  and  all  the  other  products  of  the 
animal  system,  are  produced  by  such  actions ;  and  there  is 
nothing  unreasonable  in  the  assumption,  that  phosphorus,  / 
a  substance  essential  to  the  formation  of  the  entire  system 
of  bones,  is  formed  by  those  actions  of  secretion  and  assimi¬ 
lation  by  which  the  muscular  and  other  parts  of  the  system 
are  built  up. 

Ammonia  is  a  constant  product  of  the  putrefaction  of  > 
animal  bodies;  but  ammonia,  we  shall  find  in  the  sequel,  has 
strong  points  or  resemblance  to  phosphoretted  hydrogen. 
ISow,  ammonia  consists  of  hydrogen  and  nitrogen,  or  the 
elements  of  nitrogen  ;  and  therefore  we  may  believe  that 
phosphorus  consists  of  hydrogen  and  nitrogen,  or  the  ele¬ 
ments  of  nitrogen.  Phosphorus  will  be  seen  from  the  table 
to  be  resolvable  into  H  C  0  =  H  N,  while  ammonia  may 
be  represented  by  H3,  C  0,  =  H3  N. 

1  lie  property  of  emitting  light  is  possessed  by  phosphorus 
in  a  high  degree  ;  but  innumerable  animals  possess  the  pro¬ 
perty  of  emitting  light,  frequently  so  vivid,  that  the  smallest 
objects  can  be  seen  by  it  in  the  dark.  The  glow-worm  is  a 
familiar  instance  in  our  own  climates ;  but  the  fire-flies,  as 
they  are  popularly  termed,  of  the  warmer  regions,  emit  a 
light  so  brilliant,  that  they  may  be  employed  in  place  of 
lamps  ;  and  the  whole  atmosphere  is  frequently  illuminated 
by  them.  Many  fishes  too,  perhaps  all  fishes,  possess  in  a 
greater  or  less  degree  this  property,  and,  in  an  eminent  de- 
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gree,  the  mollusca,  and  innumerable  tribes  which  inhabit 
water.  The  whole  ocean,  so  far  as  the  eye  can  reach,  is 
often  seen  in  a  blaze  of  light  from  the  phosphorescence  of 
myriads  of  microscopic  creatures,  when  they  approach  the 
surface.  But  doubtless,  the  inhabitants  of  the  ocean,  every 
drop  of  which  seems  to  be  filled  with  living  creatures,  pos¬ 
sess  and  exercise  this  marvellous  function  at  the  greatest 
depths,  and  are  thus  provided  with  the  faculty  of  supplying 
themselves  with  light,  where  the  rays  of  the  sun  cannot 
reach.  Now,  we  cannot  certainly  say  that  the  matter  which 
yields  these  amazing  supplies  of  light  is  phosphorus,  although 
it  is  in  a  high  degree  probable  that  it  is  really  phosphorus, 
or  some  analogous  compound  ;  for  it  can  be  separated  from 
the  animals,  and  diffused  through  liquids,  producing  phos¬ 
phorescence.  We  have,  therefore,  reason  to  believe  it  to  be 
a  substance  produced  by  the  action  of  the  animal  organs  ; 
and  what  so  reasonable  a  supposition  as  that  the  basis  of 
this  substance  is  that  which  enters  into  the  composition  of 
every  animal  product,  whether  in  the  land  or  water, — nitro¬ 
gen  ? 

Phosphorescence  is  not  only  produced  by  living  animals, 
but  by  dead  animal  matter  in  a  state  of  incipient  decay,  as 
we  may  see  upon  every  sea-coast  where  fishes  are  cast  on 
shore  by  the  waves.  The  addition  of  a  little  nitre,  or  even 
common  salt,  frequently  produces  or  increases  the  phospho¬ 
rescence.  Even  decaying  plants  emit  phosphorescent  light, 
but  feebly  and  rarely,  because  in  plants  nitrogen  exists  in  a 
comparatively  minute  quantity. 

Sulphur,  phosphorus,  and  chlorine,  are  represented  in  the 
table  respectively  by  C  0  +  H2,  by  C  0  +  H,  and  2  CO  +  H7, 
exhibiting  a  derivation  from  a  common  root,  and  a  simila¬ 
rity  of  composition,  which  may  account  for  a  similarity  of 
properties.  If  we  represent  C  0  in  these  formulae  by  its 
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equivalent  N,  we  have,  as  the  composition  of  the  three 
bodies  mentioned,  respectively  H2  N,  H  N,  H>  N2. 

We  might  wonder  how,  in  the  ocean,  such  vast  supplies  of 
phosphorus,  or  compounds  analogous  to  phosphorus,  are 
generated,  did  we  not  admit,  that  all  the  elements  forming 
it  are  contained  in  sea-water.  Hydrogen  and  oxygen  con¬ 
stitute  the  water  of  the  ocean  itself;  while  chlorine,  in 
combination  with  sodium,  containing  the  same  elements 
as  phosphorus,  is  in  contact  with  every  particle  of  water 
which  the  ocean  contains. 

But  if  we  can  conceive  the  production  of  nitrogen  in  tlm 
waters  of  the  ocean,  it  is  a  slight  difficulty  to  conceive  the 
production  of  phosphorus.  Isow,  whence  is  derived  that 
vast  supply  of  nitrogen,  of  which  the  muscular  substance  of 
all  aquatic,  as  well  as  land  animals,  consists  \  The  quantity  of 
nitrogen  which  water  absorbs  at  the  surface  is  utterly  insig¬ 
nificant,  and  cannot  in  the  slightest  degree  account  for  the 
supply  required  for  that  mass  of  living  beings  with  which 
the  whole  body  of  the  ocean  seems  to  be  filled.  But  if  we 
resort  to  the  supposition,  that  water  itself,  which  probably 
furnishes  the  only  food  of  the  lower  aquatic  tribes,  and  even 
of  many  of  the  higher,  contains  the  elements  of  nitrogen,  we 
are  freed  from  a  difficulty  which  no  other  hypothesis  re¬ 
solves.  Now  water  consists  of  HO;  and  0,  by  our  hypo¬ 
thesis,  is  resolvable  into  H2  C,  so  that  water  contains  all  the 
elements  of  nitrogen  ;  and  we  have  only  to  suppose  its  re¬ 
solution  into  these  elements,  by  the  secretory  and  assimi¬ 
lating  organs  of  animals,  to  conceive  the  production  of  nitro¬ 
gen  in  a  quantity  which  calculation  cannot  reach, 
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XIII.  ARSENIC. 

Arsenic  occurs  sometimes  native,  but  more  often  in  com¬ 
bination  with  other  metals,  and  especially  cobalt  and  nickel. 
On  heating  these  ores  of  arsenic  in  a  reverberatory  furnace, 
the  metal,  which  is  very  volatile,  is  driven  off,  and,  com¬ 
bining  with  oxygen  as  it  rises  in  the  furnace  flues,  is  con¬ 
densed  into  cakes,  which,  being  purified  by  a  second  subli¬ 
mation,  yield  the  arsenic  of  commerce.  The  arsenic  of  com¬ 
merce,  or  white  oxide  of  arsenic,  is  arsenious  acid,  being  a 
combination  of  2  equivalents  of  arsenic  and  3  of  oxygen, 
from  which  the  metal  is  easily  obtained  by  de-oxidation. 

Arsenic  has  a  crystalline  texture,  and  a  bright  metallic 
lustre,  resembling  steel.  It  is  exceedingly  brittle,  and  may 
be  reduced  by  trituration  to  fine  powder.  Its  specific  gravity 
is  from  5.7  to  5.9.  When  exposed  to  heat,  it  sublimes  at 
the  temperature  of  365°  F.,  without  being  liquefied.  In  close 
vessels  it  volatilizes  unchanged  ;  but,  if  atmospheric  air  be 
present,  it  is  converted  into  arsenious  acid,  by  combining 
with  the  oxygen  of  the  air.  If  thrown  on  a  red-hot  iron, 
it  burns  with  a  blue  flame  and  white  smoke,  having  the 
strong  odour  of  garlic,  proper  to  the  other  bodies  of  the 
class.  When  sublimed,  it  crystallizes  in  rhombohedral 
crystals,  being  isomorphous  with  tellurium  and  antimony. 

The  combining  weight  of  arsenic  is  estimated  by  Berzelius 
at  37.67,  by  others  at  75.34. 

It  combines  with  other  bodies  in  a  manner  analogous  to 
phosphorus,  which  it  greatly  resembles.  It  combines  like¬ 
wise  with  the  metals,  forming  alloys,  to  which  it  generally 
communicates  the  property  of  brittleness.  It  combines  with 
hydrogen,  forming,  in  one  proportion,  a  solid,  and  in  another, 
in  which  are  three  equivalents  of  hydrogen,  a  very  poisonous 
gas. 
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XIV.  ANTIMONY. 

This  metal  occurs  native,  but  is  chiefly  derived  from  one 
of  its  ores,  the  sulphuret,  from  which  it  may  be  obtained, 
either  by  heating  the  sulphuret  along  with  iron  filings  in  a 
covered  crucible,  in  which  case  the  sulphur  combines  with 
iron,  or  by  throwing  it  in  small  portions  into  a  red-hot 
crucible,  with  substances  which  yield  oxygen  to  the  sulphur, 
and  carry  it  off  as  sulphurous  acid.  In  either  case,  the 
melted  antimony  collects  in  the  bottom  of  the  crucible,  and 
may  be  drawn  off  and  received  in  moulds,  when  it  is  further 
purified  for  chemical  purposes. 

The  metal  thus  obtained  is  of  a  silvery  colour,  and  of  a 
bright  metallic  lustre.  It  is  exceedingly  brittle,  and  may 
be  readily  reduced  to  powder.  Its  specific  gravity  is  from 
6.7  to  6.8.  It  fuses  at  the  temperature  of  about  797°  F., 
and  in  cooling  acquires  a  lamellated  structure,  and,  when  it 
crystallizes,  assumes  the  rhombohedral  form  proper  to  tel¬ 
lurium  and  arsenic.  It  may  be  sublimed,  at  a  high  tempe¬ 
rature,  but,  when  heated  in  the  open  air,  it  takes  fire  at  a 
red  heat,  emitting  copious  fumes  of  oxide  of  antimony. 
When  heated  to  whiteness  by  the  blow-pipe,  and  thrown 
upon  any  hard  surface,  it  burns  for  a  time  with  great  splen¬ 
dour,  rolling  about.  It  combines  with  other  substances  in 
the  manner  of  arsenic.  Its  combining  weight  is  calculated 
at  64.62.  Its  probable  composition  is  denoted  in  the  table, 
by  4  C  0  +  HA 

Nitrogen,  phosphorus,  arsenic,  and  antimony,  then,  mani¬ 
fest  an  intimate  relation  with  one  another.  Their  analogous 
compounds  are  similar  in  their  crystalline  forms.  They  all 
combine  with  3  equivalents  of  hydrogen,  forming  respective¬ 
ly  the  three  gaseous  compounds,  ammonia,  phosphoretted 
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hydrogen,  arsenuret  of  hydrogen,  and  antimonuret  of  hydro¬ 
gen.  Phosphoretted  hydrogen  and  ammonia  greatly  re¬ 
semble  one  another,  and  the  compounds  of  arsenic  and  an¬ 
timony  are  not  less  alike  in  themselves  and  their  compounds. 
Arsenious  acid  sometimes  replaces  oxide  of  antimony  in 
combination,  without  changing  the  form  of  the  compound  ; 
and  arsenic  and  antimony  are  found  together  continually  in 
the  native  state. 

The  probable  composition  of  the  four  bodies  enumerated, 
is  represented  in  the  table  thus  : 


1.  Nitrogen, 

2 .  Phosphorus, 

3.  Arsenic, 

4.  Antimony, 


CO 

CO  +  H 

2  CO  +  H9 
4  CO  +  H3 
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XV.  BISMUTH. 

This  metal  exists  either  native,  or  in  combination  with 
other  substances,  as  oxygen,  sulphur,  tellurium,  arsenic, 
iron.  That  which  is  used  in  the  arts  is  chiefly  derived 
from  native  bismuth. 

It  is  a  substance  of  a  reddish  white  colour,  and  of  con¬ 
siderable  brilliancy.  Its  structure  is  highly  lamellar,  con¬ 
sisting  of  broad  shining  plates,  adhering  together.  It  is 
brittle  when  cold,  but  when  warm  may  be  hammered.  Its 
specific  gravity  is  9,53,  which,  by  hammering,  may  be  in¬ 
creased  to  9.88.  It  fuses  at  the  temperature  of  497o,  and 
expands  in  cooling.  It  sublimes  in  close  vessels  at  a  red 
heat,  and  when  heated  to  about  the  same  temperature  in 
the  open  air,  it  takes  fire  and  burns  with  a  faint  blue  flame, 
emitting  copious  fumes  of  oxide  of  bismuth.  When  heated 
to  whiteness  by  the  blow-pipe,  and  thrown  upon  a  hard 
surface,  it  burns  brilliantly,  rolling  about. 

Its  combining  weight  is  reckoned  71.07.  Its  sulphuret, 
which  exists  in  the  natural  state,  has  the  same  crystalline 
form  as  sulphuret  of  antimony. 

The  characters  of  this  metal  plainly  connect  it  with  anti¬ 
mony,  so  that  it  forms  one  of  the  sequence  of  substances 
from  nitrogen  and  sulphur.  But  it  manifests  a  progressive 
approach  from  the  frangible  metals  to  the  more  perfect  and 
ductile,  and  in  many  of  its  properties  resembles  copper.  It 
therefore  distinctly  connects  the  substances  we  have  been 
considering  with  the  perfect  metals. 

We  might  now  exhibit  the  series  of  the  bodies  termed 
simple,  continued  from  bismuth  up  to  the  most  beautiful 
and  perfect  of  the  metals.  In  this  case  a  series  would  be 
seen  to  exist  from  sulphur  up  to  gold,  thus  i  — 
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Sulphur. 

Saenium. 


Silver. 


Tellurium. 

Arsenic. 

Antimony. 


Copper. 

Mercury. 


Palladium. 
Rhodium. 
Platinum. 
Iridium . 
Osmium . 
Gold. 


And  this  class  of  bodies  may  be  termed  the  sulphur  group, 
the  several  members  of  it  passing  the  one  into  the  other. 
1  shall  not,  however,  adopt  this  order  of  arrangement,  be¬ 
cause  this  group  of  bodies  is  connected  with  another,  touch¬ 
ing  upon  it  at  all  points,  and  being  more  or  less  connected 
with  it  in  characters.  This  other  division  of  the  simple 
bodies  I  shall  call  the  Siliceous  Group,  whose  type  is  silicium, 
which  body  is  distinguished,  in  an  eminent  degree,  by  its 
infusibility  and  hardness.  But  intermediate  as  it  were  be¬ 
tween  the  sulphur  and  siliceous  groups,  are  a  few  bodies, 
sparingly  diffused  in  nature,  which  may  he  said  to  con¬ 
nect  them  together,  and  not  to  he  very  distinctly  referred 
to  either.  These  bodies  are  chromium,  molybdenum,  ura¬ 
nium,  tungsten,  tantalum,  vanadium. 
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XVI.  CHROMIUM. 

This  substance,  so  named  from  colour,  on  account  of 
its  remarkable  tendency  to  form  coloured  compounds,  was 
first  derived  from  a  beautiful  red  mineral,  dichromate  of 
oxide  of  lead,  obtained  in  a  mine  in  Siberia,  and  popularly 
known  as  the  red  lead-ore  of  Siberia.  This  ore  was  used  as  a 
paint,  but  it  has  now  become  scarce  and  costly.  The  me¬ 
tal  has  since  been  found  in  the  chromate  of  iron,  a  mineral 
winch  is  a  compound  of  the  oxides  of  chromium  and  iron, 
and  which  occurs  abundantly  in  Europe  and  America. 

Chromium  may  be  obtained  by  exposing  its  oxide,  mixed 
with  charcoal,  to  the  heat  of  a  smith’s  forge,  or  more  readily 
by  forming  the  chloride  of  chromium  into  a  paste  with  oil, 
and  exposing  it  to  a  strong  heat  for  an  hour,  in  a  covered 
crucible  lined  with  charcoal.  In  the  one  case,  the  oxygen, 

and  in  the  other,  the  chlorine,  combines  with  carbon,  Ieav- 
ing  the  chromium  free. 

Chromium  thus  obtained  is  in  grains,  and  the  heat  re¬ 
quired  to  fuse  it  is  so  great  that  it  has  not  yet  been  melted 
into  mass.  It  has  a  white  colour,  intermediate  between  that 
ot  tin  and  steel,  with  a  shade  of  yellow.  It  has  a  specific 
.  gravity  of  5.9.  It  is  very  brittle,  and  easily  reducible  to 
powder.  It  undergoes  little  change  by  being  exposed  to 
the  air,  or  kept  under  water.  It  may  be  likewise  obtained 
by  a  peculiar  process  in  the  form  of  a  finely  divided  powder 
of  a  dark  colour,  which  only  acquires  the  metallic  aspect 

by  pressure.  In  this  state  it  takes  fire  when  heated  in  the 
air. 

Its  combining  weight  is  estimated  at  28.19.  It.  unites 
with  the  following,  amongst  other  bodies,  thus,— 
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1.  Sesquioxide, 

2.  Chromic  acid, 

3.  Sesquichloride, 

4.  Terchloride, 

5.  Sulphur, 


C*  0* 
Cr  03 
Cr2  Cl3 
Cr  Cl3 
Cr2  S3 


It  mixes  with  iron  in  indefinite  proportions,  but  forms 
with  it  one  known  compound,  apparently  definite,  of  a 
crystalline  texture,  of  a  colour  whiter  than  platinum, 
frangible,  and  nearly  as  hard  as  the  diamond. 

It  is  evident  that  this  substance,  while  it  has  certain  rela¬ 
tions  with  the  sulphur  group,  is  yet  more  closely  connected 
with  iron.  Assuming  the  theory  indicated  by  the  table,  its 
composition  is  H14  C  0,  while  that  of  iron  is  H13  C  0. 
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XVII.  MOLYBDENUM. 

Molybdenum  is  derived  from  its  ores,  of  which  the  most 
common,  termed  molybdena,  is  a  bisulphuret,  usually  asso¬ 
ciated  with  ores  of  tin.  From  this  substance  is  derived 
molybdic  acid,  Mo  O3,  and  from  this,  again,  the  metal 
molybdenum.  The  acid,  which  is  a  light  porous  substance, 
is  exposed,  along  with  charcoal,  to  a  strong  heat,  by  which 
means  the  oxygen  is  made  to  quit  the  acid.  The  metal 
may  likewise  be  obtained,  and  more  easily,  by  placing*  the 
acid  m  a  tube  of  porcelain,  strongly  heated,  and  passing 
o\er  it  a  current  of  hydrogen,  which,  combining  with  the 
oxygen  of  the  acid,  forms  water. 

Molybdenum  is  so  infusible,  that  it  has  as  yet  only  been 
obtained  m  grains,  or  in  pieces  imperfectly  agglutinated. 
Its  colour  is  a  silver-white,  with  a  shade  of  yellow.  Its 
specific  gravity  is  about  8.6,  and  it  is  exceedingly  brittle. 
When  heated  in  open  vessels,  it  absorbs  oxygen,  and  is 
converted  into  molybdic  acid.  But  its  affinity  for  oxygen 
is  not  very  great,  and  hence  it  is  not  subject  to  alteration 
v  hen  exposed  to  the  atmosphere,  or  kept  under  water. 
Its  combining  weight  has  been  reckoned  47.96.  It  com¬ 
bines  with  oxygen,  forming — - 

1.  Molybdous  oxide,  .  .  MO  O 

2.  Molybdic  oxide,  .  .  MO  O2 

3.  Molybdic  acid,  .  .  MO  O3 

It  combines  in  a  similar  manner  with  chlorine  and  sul¬ 
phur. 


2 
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XVIII.  URANIUM. 

This  metal  was  first  distinguished  as  a  peculiar  substance 
by  Klaproth  in  1789.  He  derived  it  from  the  mineral 
pitchblende,  in  which  it  exists  in  the  state  of  an  oxide,  along 
with  silica,  peroxide  of  iron,  and  other  substances.  It  is 
found  likewise  in  a  few  other  minerals,  but  in  comparatively 
small  quantity.  It  is  obtained  by  different  processes.  One 
is  founded  upon  the  principle  of  bringing  the  metal  to  the 
state  of  an  oxide,  and  then  reducing  the  oxide  to  the  metal¬ 
lic  state,  by  passing  over  it  a  current  of  hydrogen,  or  by 
mixing  it  with  charcoal,  and  exposing  it  to  the  heat  of  a 
blast  furnace.  It  is  obtained  in  the  state  of  powder,  which 
no  heat  has  yet  been  found  sufficient  to  melt  into  a  mass. 
The  powder  has  a  reddish  brown  colour  and  metallic  lustre. 
Its  specific  gravity,  according  to  Klaproth,  is  8.100,  accord¬ 
ing  to  Bucholz,  9.  It  undergoes  no  change,  when  exposed 
to  the  air  at  common  temperatures,  but  when  heated  to  red¬ 
ness  it  takes  fire,  and  is  converted  into  an  oxide.  Its  com¬ 
bining  weight  has  been  estimated  at  217.26  ;  but  this  is  cer¬ 
tainly  an  error,  and  M.  Regnault,  founding  on  Dulong’s  law 
of  specific  heat,  reduces  it  to  one-fourth  of  this  estimate,  or 
54.31.  It  seems  to  be  allied  to  chromium,  communicating 
beautiful  colours  to  its  compounds. 
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XIX.  TUNGSTEN  or  WOLFRANIUM. 


This  metal  exists  in  a  few  minerals,  of  which  one  is  tung- 
state  of  lime,  an  opaque  white  substance,  found  in  Sweden, 
of  great  weight,  and  thence  termed  tungsten  or  heavy  stone.' 
It  was  first  obtained  from  this  mineral,  and  afterwards  from 
another,  called  by  the  Germans  wolfram,  which  is  some¬ 
times  found  in  the  mines,  and  is  a  tungstate  of  manganese 
and  iron.  From  the  latter,  the  metal  is  termed  by  the  Ger¬ 
mans  wolfranium.  Both  these  minerals  yield  tungstic  acid 
W  Os,,  and  from  this  acid  is  obtained  the  metallic  base,  by 
exposing  the  acid  to  the  action  of  charcoal,  or  of  hydrogen, 
at  a  red  heat,  as  in  the  case  of  molybdenum, 

Tungsten  thus  obtained  is  a  powder  of  a  dark-gray  colour, 
possessing  considerable  brilliancy.  It  is  brittle,  and  ex¬ 
ceedingly  hard.  Its  specific  gravity  is  about  17.4,  so  that, 
next  to  gold,  platinum,  and  iridium,  it  is  the  heaviest  of 
the  metals.  It  is  fusible  with  the  greatest  difficulty,  and 
when  fused  has  the  appearance  of  steel,  and  is  not  changed 
hy  exposure  to  the  air.  When  heated  to  redness,  in  its 
state  of  powder  in  the  open  air,  it  takes  fire,  and  is  con¬ 
verted  into  tungstic  acid.  Its  combining  weight  has  been 

estimated  at  from  94.7  to  97.7.  It  combines  with  oxygen 
lormmg — 

1.  Tungstic  oxide,  .  .  WO2 

2.  Tungstic  acid,  ,  .  w  O3 

It,  combines  in  the  same  manner  with  sulphur  and  chlorine. 
It  is  exceedingly  similar  to  molybdenum,  and  both  are  allied 
to  iron  and  manganese- 
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XX.  TANTALUM. 


This  metal,  discovered  in  1801,  was  derived  from  a  black 
mineral,  with  golden  streaks,  found  in  the  British  Museum, 
and  supposed  to  have  been  brought  from  Massachusetts,  in 
North  America,  on  which  account,  the  name  columbium 
was  applied  to  the  metal.  It  was  soon  afterwards  obtained 
from  two  other  rare  minerals,  which  were  named  respec¬ 
tively  tantalite,  and  yttro-tantalite,  in  the  first  of  which  it 
existed  along  with  oxides  of  iron  and  manganese,  in  the 
second,  along  with  the  earth  yttria,  and  it  has  been  found 
in  a  few  minerals  of  the  rarest  species. 

From  these  minerals  tantalic  acid,  Ta  O3,  is  obtained,  and 
from  this  acid  the  metal.  It  is  in  the  form  of  a  black  pow¬ 
der,  which,  under  the  burnisher,  assumes  the  metallic  lustre, 
with  an  iron-gray  colour.  It  is  fusible  only  at  a  high  tem¬ 
perature,  and  is  not  altered  by  exposure  to  the  atmosphere. 
Y/hen  heated  in  the  open  air,  it  takes  fire  below  a  red 
heat,  and  glows  with  a  vivid  light,  but  without  flame,  being 
converted  into  tantalic  acid.  Its  combining  weight  has 
been  estimated,  doubtless  erroneously,  at  184.9.  It  combines 
with  oxygen,  chlorine,  and  sulphur.  With  oxygen  it  forms 

1.  Tantalic  oxide,  .  .  .  .  Ta  O1 2 

2.  Tantalic  acid,  .  .  .  .  Ta  O3 
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XXI.  VANADIUM. 

This  metal  was  obtained  by  Seftstroem  in  1830,  in  the  iron 
derived  from  the  iron-mine  of  Taberg,  in  Sweden,  and  after¬ 
wards  procured  in  larger  quantity  from  the  slag  of  the  same 
ore  ;  and  soon  afterwards,  the  same  metal  was  discovered  in 
a  mineral  in  Scotland,  in  which  it  exists  as  vanadiate  of 
lead.  It  is  obtained  in  the  form  of  a  powder,  which  has 
not  yet  been  fused.  It  has  a  white  colour,  somewhat  like 
silver,  and  a  strong  metallic  lustre.  It  has  been  obtained 
by  another  process,  in  the  form  of  a  dark  pulverulent  sub¬ 
stance,  which  has  little  of  the  external  characters  of  a  metal, 
though,  by  pressure,  it  assumes  a  certain  lustre.  In  this 
state  it  takes  fire  when  heated  in  the  open  air,  and  is  con¬ 
verted  into  the  protoxide. 

This  metal  is  so  exceedingly  brittle,  that  it  cannot  be 
moved  from  the  glass-tube  in  which  it  is  prepared,  without 
falling  into  powder.  It  is  but  little  changed  by  exposure 
to  the  an,  but,  after  a  time,  its  lustre  begins  to  be  impaired, 
and  it  acquires  a  reddish  tint. 

Its  combining  weight  has  been  estimated  at  68.66.  It 
combines  with  oxygen,  sulphur,  chlorine,  and  other  sub¬ 
stances.  Its  combinations  with  oxvgen  are 

1.  Protoxide,  .  .  .  .  .  Va  O 

2.  Binoxide,  which  has  also  the  properties  of  an  acid,  Va  O2 

3.  Vanadic  acid,  ....  Va  CU 

This  latter  acid  is  fusible,  but  retains  its  oxygen  at  a 
strong  heat.  It  is  very  sparingly  soluble  in  water.  Like 
chromium,  it  has  the  property  of  communicating  colour  to 
its  salts.  Its  neutral  salts  are  white  and  yellow,  its  acid  salts 
a  fine  orange  red. 


F 
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XXII.  SILICIUM. 

This  substance,  although  the  basis  of  the  most  abundant 
product  of  the  mineral  kingdom,  has  been  but  recently  ob¬ 
tained  in  the  separate  state.  It  may  be  procured  simply  by 
the  action  of  potassium  on  silica,  by  which  the  latter  is  de¬ 
prived  of  its  oxygen  ;  or  better,  by  means  of  the  double  flu¬ 
oride  of  silicium  and  potassium.  This  salt  being  heated 
with  a  quantity  of  potassium,  the  latter  unites  with  fluorine, 
and  the  silicium  is  detached.  The  silicium  is  then  subject¬ 
ed  to  a  powerful  heat,  in  order  that  it  may  be  freed  from  a 
portion  of  hydrogen  which  remains  attached  to  it  with  great 
force  ;  and  then,  in  order  that  it  may  be  freed  of  some  silica 
which  remains  mixed  with  it,  an  acid  is  employed,  the 
hydrofluoric,  which  dissolves  the  silica,  but  does  not  act 
upon  the  silicium. 

Silicium,  as  produced  by  the  common  processes,  is  in  the 
form  of  a  powder,  of  a  dark  nut-brown  colour,  which  black¬ 
ens  what  it  comes  in  contact  with,  in  the  manner  of  powdered 
charcoal.  When  heated  sufficiently  in  air  or  oxygen  gas, 
it  inflames,  and  is  partially  converted  into  silica.  But  after 
being  exposed  to  a  strong  heat,  it  becomes  more  dense,  and 
has  its  characters  so  altered,  that  it  now  remains  without 
change  under  the  most  intense  action  of  the  blowpipe. 

From  the  resemblance  of  this  substance  to  carbon  and 
boron,  it  has  been  proposed  to  term  it  silicon,  in  place  of 
silicum  or  silicium,  the  names  originally  given  to  it,  and 
still  retained  by  the  continental  chemists.  The  propriety 
of  the  change  of  name  adopted  in  England  is  not  very  ap¬ 
parent,  The  term  silicon,  applied  to  this  substance,  is  in¬ 
tended  to  distinguish  it  from  the  metals ;  but  the  term  me¬ 
tal  indicates  a  difference  of  form,  and  not  of  substance  ;  and 
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there  is  no  substantial  distinction  between  metals  and  other 
kinds  ot  matter,  and  therefore  the  adoption  of  a  term  to  dis¬ 
tinguish  silicium  from  the  metals  so  called,  being  based  on 
an  erroneous  hypothesis,  should  be  avoided.  Besides,  we  do 
not  know  that  the  powdery  form  which  this  substance  as¬ 
sumes,  in  the  common  methods  of  preparing  it,  is  that  which, 
under  other  conditions,  it  would  assume.  If  heat  could  be 
applied  sufficient  to  fuse  the  grains,  there  is  reason  to 
believe  that  they  would  assume  the  metallic  aspect,  just 
as  various  metals  do.  I  have  more  than  once  found,  in 
preparing  this  substance,  that,  for  an  instant  or  two,  it  as¬ 
sumed  a  colour  as  bright  as  silver,  which  it  immediately 
lost. 

Silicium  combines  with  hydrogen,  carbon,  oxygen,  sul¬ 
phur,  chlorine,  and  other  bodies.  Its  combining  weight 
was  estimated  by  Berzelius  at  22.221,  on  the  supposition 
that  silica  contains  3  equivalents  of  oxygen  to  1  of  base. 
But  silica  may  contain  2  equivalents,  or  1  equivalent  of  oxy¬ 
gen,  to  1  of  base,  and  then  the  equivalent  of  silicium  would  be 
for  f  of  the  number  assigned  to  it;  and  there  are  distinguished 
chemists  who  maintain  the  latter  opinion.  ]\f.  Dumas,  in  par¬ 
ticular,  contends  that  silica  must  be  held  to  contain  only  1  equi¬ 
valent  of  oxygen ;  and  Dr  Thomson  favours  the  same  opinion. 
Dr  Clark,  on  the  other  hand,  conceives  that  silica  contains  2 
equivalents  of  oxygen  ;  which  would  assimilate  the  constitu¬ 
tion  of  silica  to  that  of  carbonic  acid.  We  may  adopt  the 
opinion  of  Dr  Clark  as  being  intermediate  between  the  other 
views ,  but  it  is  a  more  probable  supposition,  founding  on 
the  feeble  acid  powers  of  silica,  that  it  does  not  contain 
more  than  1  equivalent  of  oxygen. 

Silica,  whether  a  monoxide  or  binoxide,  is  the  most 
abundant  product  of  the  mineral  kingdom,  forming  the 
greater  part  of  the  solid  crust  of  the  globe,  and  entering 
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into  the  composition  of  numerous  mineral  species.  As  it 
is  obtained  by  the  common  processes,  it  is  a  white  gra¬ 
nular  powder,  gritty  to  the  touch,  and  destitute  of  taste. 
Its  specific  gravity  is  2.65.  It  is  infusible  in  the  strongest 
wind-furnace  ;  but  in  the  flame  of  the  oxyhydrogen  blow¬ 
pipe,  it  melts  into  a  limpid  glass.  When  obtained  in  a  cer¬ 
tain  manner,  or  after  being  exposed  to  heat,  it  is  insoluble, 
or  nearly  insoluble,  in  water  ;  but  as  it  is  obtained  by  other 
means,  it  is  soluble,  or  at  least  combines  with  water,  and 
forms  slightly  soluble  hydrates.  These  solutions,  when  con¬ 
centrated,  produce  a  gelatinous  mass.  Silica  is  found  largely 
in  the  mineral  kingdom  in  the  crystalline  form,  as  in  quartz 
and  rock-crystal,  leading  us  to  the  conclusion,  that  the  earth 
was  once  covered  with  a  fluid,  holding  silica  as  well  as  other 
substances  in  solution. 

Silica  exhibits  feeble  acid  characters.  It  does  not  even 
redden  the  blue  colour  of  plants,  and  yet  it  stands  in  the  re¬ 
lation  of  an  acid  to  various  bodies.  Thus,  combining  with 
the  alkalies,  it  forms  glass,  and  with  alumina,  the  substances 
termed  clays. 

The  relations  of  this  substance  with  alumina  are  very 
marked.  Alumina  is  obtained,  like  silica,  as  a  white  pow¬ 
der,  destitute  of  taste,  but  differing  from  silica  in  this,  that 
it  is  soft  to  the  touch,  and  not  gritty.  It  is  insoluble,  or 
nearly  insoluble,  in  water ;  yet,  like  silica,  it  combines  with 
that  fluid,  forming  hydrates  ;  and  these  hydrates,  when 
moist,  are  gelatinous,  like  the  hydrates  of  silica.  Alumina 
is  infusible  in  the  strongest  heat  of  a  wind-furnace  ;  but  by 
the  flame  of  the  oxyhydrogen  blowpipe,  it  melts  into  a 
semi-transparent  glass  or  enamel.  It  is  a  feeble  base,  and 
stands  sometimes  in  the  relation  to  other  bodies  of  an  acid  ; 
but  its  acid  powers  are  slight,  and  insufficient  to  redden  the 
blue  colour  of  plants.  These  characters,  common  to  silica 
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and  alumina,  indicate  an  intimate  relation  between  them  ; 
and  further,  they  are  found  in  close  association  throughout 
the  mineral  kingdom,  forming  together,  not  only  numerous 
mineial  species,  but  the  great  mass  of  what,  in  common  lan¬ 
guage,  is  termed  earth.  Further  relations  between  silica 
and  alumina  conduct  us,  by  an  irresistible  analogy,  to  the 
conclusion,  that  their  bases,  silicium  and  aluminum,  are 
closely  connected  as  natural  bodies, 

Silicium  combines  with  chlorine,  forming  a  colourless  li¬ 
quid,  limpid,  and  exceedingly  volatile.  When  exposed  to 
the  air,  this  substance  is  evaporated  almost  instantaneously, 
in  the  form  of  a  white  vapour.  It  has  a  suffocating  odour, 
resembling  that  of  cyanogen.  When  brought  into  contact 
with  water,  mutual  decomposition  takes  place. 

Silicium,  on  the  suppositions  made,  is  represented  by 
H  C ;  but  if  we  suppose  silica  to  be  formed  of  1  equivalent 

of  silicium  and  3  of  oxygen,  silicium  is  resolvable  into 
H10  C2. 

Whether  by  any  natural  processes  this  substance  is  con¬ 
verted  into  carbon  by  parting  with  its  hydrogen,  or  whether, 
on  the  other  hand,  carbon,  by  combination  with  the  same 
element,  is  converted  into  silicium,  is  not  known,  although 
probable  in  a  high  degree.  If  carbon  be  the  primary  element, 
then  the  silicium,  which  forms  the  basis  of  the  solid  earth, 
may  not  unreasonably  be  supposed  to  have  been  formed  by 
combination  of  carbon,  or  the  molecules  of  carbon  with  hy- 
drogen,  or  the  molecules  of  hydrogen,  in  that  pristine  state 
of  the  globe  in  which  natural  changes  took  place,  under  con¬ 
ditions  of  pressure  and  temperature,  and  by  the  influence 
of  great  masses  of  matter  upon  one  another,  of  which  we 
cannot  predicate  the  results  from  any  action  now  known  to 
us.  If,  in  any  former  state  of  the  globe,  the  aqueous  por¬ 
tion  predominated,  as  there  is  reason  to  believe  it  did,  over 
the  solid,  we  may  perhaps  believe  that  one  of  the  means 
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of  diminishing  the  volume  of  water  was  the  combination  of 
its  hydrogen  with  the  molecules  of  carbon  to  form  silicium, 
and  of  its  oxygen  with  silicium  to  form  silica. 

The  well  known  phenomenon  of  the  petrifaction  of  or¬ 
ganic  substances  is  exceedingly  like  a  change  of  their  car¬ 
bonaceous  matter  into  silica.  The  change  into  silica  of  the 
numerous  plants  that  have  been  found  imbedded  in  the 
older  sedimentary  deposites  is  so  complete,  that  generally 
not  a  vestige  of  carbon  can  be  detected  in  them.  But  if 
the  common  solution  were  correct,  that  petrifaction  is 
produced  by  an  infiltration  of  siliceous  particles,  the  whole 
carbonaceous  matter  should  remain.  Besides,  the  petrified 
bodies  present  the  appearance  of  nothing  in  any  degree  like 
infiltration,  but  every  appearance  that  indicates  an  altera¬ 
tion  of  the  particles  of  the  carbon  itself  as  complete  as  any 
chemical  change.  What  shall  we  say  to  the  flinty  petrifactions 
in  chalk  Why  should  not  carbonate  of  lime  infiltrate  the 
matters  of  the  animal  rather  than  silica  1  The  other  result 
may  be  explained,  by  supposing  that  the  carbon  of  the  ani¬ 
mal  has  combined  with  hydrogen,  supplied  by  the  water 
under  which  the  animal  matter  had  been  buried  during 
countless  ages. 

Another  natural  phenomenon  renders  it  not  improbable 
that  there  are  cases  in  which  carbon  is  extracted  from  silica. 
Great  forests  grow  on  sands  almost  entirely  siliceous,  in- 
which  there  seems  to  be  no  more  carbon  than  is  supplied 
by  the  fallen  leaves  on  the  surface,  and  where  the  trees 
have  extended  their  roots  below  the  surface  into  matter  in 
which  not  a  trace  of  carbon  can  be  detected  by  analysis. 
Whence  do  these  trees  derive  their  carbon  ?  It  will  be 
answered,  from  the  carbonic  acid  of  the  air,  which  is  decom¬ 
posed  in  the  leaves,  the  oxygen  being  set  free.  It  is  not  de¬ 
nied  that  carbonic  acid  is  abstracted  from  the  air,  and  de¬ 
composed  in  the  leaves  during  the  day,  but  it  must  be  re- 
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membered  that,  during  the  night,  carbon  is  given  off,  and 
that  the  difference  is  so  inconsiderable  between  the  carbon 
abstracted  and  that  given  off',  that  many  physiologists  are 
in  doubt  whether  the  carbon  given  off  does  not  equal  that 
abstracted  ;  and  if  this  were  so,  it  might  lead  to  the  conclu¬ 
sion  that  this  decomposition  of  carbonic  acid  has  other 
ends  than  the  supply  of  matter  of  nutrition  to  the  plant. 
It  is,  indeed,  an  opinion  continually  expressed,  that  a  func¬ 
tion  oi  growing  plants  is  to  supply  that  oxygen  to  the  at¬ 
mosphere  of  which  it  is  deprived  by  the  breathing  of  ani¬ 
mals.  But  this  hypothesis,  so  universally  received,  is  very 
far  from  being  satisfactorily  established.  It  is  known  that 
the  clearing  away  of  forests  is  in  every  case  a  mean  of  ren¬ 
dering  the  air  more  salubrious,  and  that  in  the  highest 
mountains,  and  in  the  circumpolar  regions,  enveloped  in 
perpetual  snow,  there  is  as  much,  or  rather  it  may  be  be¬ 
lieved  there  is  more,  oxygen  than  directly  over  the  plains 
covered  with  the  vegetation  from  which  this  prodigious 
stream  of  oxygen  is  supposed  to  be  continually  evolved. 
But  be  all  this  as  it  may,  there  are  many  reasons  for  be¬ 
lieving  that  by  far  the  greater  part  of  the  carbon  which 
plants  consume  in  growing  is  derived  from  the  earth  ;  and, 
it  is  a  supposition  not  devoid  of  probability,  that  silica,  act¬ 
ed  upon  by  the  fibrils  of  the  roots,  furnishes  carbon.  That 
the  roots  of  plants  are  capable  of  acting  upon  the  hardest 
rocks  appears  from  this,  that  a  column  or  a  statue  formed 
of  siliceous  rock  will  remain  for  ages  as  perfect  as  if  it  had 
been  chiselled  the  day  before.  This  may  be  supposed  to 
be  because  its  smooth  surface  presents  no  points  of  attach¬ 
ment  for  the  seeds  of  plants;  but  let  the  column  or  the  statue 
be  overthrown,  and  broken,  or  be  so  placed  that  plants  may 
grow  upon  it,  and  we  shall  find  that  it  becomes  subject  to 
disintegration  and  change  ;  plants  take  root  upon  it,  first 
the  fungi  and  lower  tribes,  and  then  the  more  developed 
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species,  until  at  length  it  becomes  a  part  of  the  soil.  From 
these  and  other  considerations  upon  which  I  will  not  here 
dilate,  plants  seem  to  possess  the  power  of  appropriating  the 
matter  of  the  harder  minerals  to  their  uses,  and  so  perhaps 
of  deriving  even  carbon  from  siliceous  matter. 

Whether  in  the  numerous  processes  of  the  laboratory, 
changes  of  carbon  into  silicium  take  place,  is  not  easily  de¬ 
termined.  Chemists  are  sometimes  startled  by  results 
which  do  not  accord  with  known  chemical  actions,  and  this 
being  so,  the  results  are  ascribed  to  impurity  of  the  sub¬ 
stances  employed,  or  to  errors  of  experiment;  hut  more 
frequently  analyses  themselves  are  partial  and  imperfect, 
and  the  whole  results  are  not  observed.  It  is  far,  therefore, 
from  being  an  improbable  supposition,  that,  amongst  thou¬ 
sands  of  experiments,  there  are  many  in  which  the  change 
in  question  has  taken  place. 
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Boron,  is  derived  from  boracic  acid  which  exists  in  several 
minerals,  and  especially  in  the  impure  alkaline  salt,  borax, 
a  substance  derived  from  certain  elevated  lakes  in  Thibet, 
which  dry  up  in  summer,  leaving  the  borax  as  an  incrusta¬ 
tion.  It  was  long  familiar  in  Europe,  for  the  fusing  of 
metals,  and  for  forming  glass  employed  to  imitate  gems. 
But  boracic  acid  is  now  chiefly  obtained  from  certain  hot 
pools  in  a  district  of  Tuscany,  the  water  of  which  is  charged 
with  the  free  acid,  apparently  derived  from  volcanic  vapours. 
The  boron  may  be  obtained  by  heating  the  acid  along  with 
potassium,  by  which  means  it  is  deprived  of  its  oxygen  ; 
but  boron  may  be  procured  by  better  means  from  the 
double  fluoride  of  boron  and  potassium.  It  is  obtained  as 
a  dark  olive-coloured  powder,  destitute  of  taste,  smell,  and 
metallic  lustre.  Like  silicium,  it  is  a  non-conductor  of  elec¬ 
tricity.  When  heated  in  vacuo,  or  close  vessels,  it  bears 
the  most  intense  heat  that  can  be  applied,  without  fusing, 
or  undergoing  any  change,  beyond  an  increase  of  hardness 
and  density  ;  but  if  heated  in  the  open  air  to  600°,  it  takes 
fire  suddenly,  and  burns  with  brightness,  forming  boracic 
acid,  which  fuses  as  it  is  formed.  It  is  insoluble  in  water, 
in  ether,  alcohol,  and  oils. 

The  combining  weight  of  this  substance  has  been  very 
variously  estimated,  according  to  the  views  taken  of  the 
constitution  of  its  compounds.  M.  Berzelius  estimates  it 
at  10.91,  on  the  supposition  that  boracic  acid  contains  3 
equivalents  of  oxygen.  M.  Dumas  draws  a  different  con¬ 
clusion,  and  Dr  Thomson  estimates  its  combining  weight 
at  8,  on  the  supposition  that  boracic  acid  consists  of  equal 
proportions  of  oxygen  and  boron. 
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Boracic  acid  lias  been  long  known  in  medicine  and  the 
arts,  in  the  alkaline  salt,  borax.  It  is  found  native  in  cer¬ 
tain  waters,  apparently  in  contact  with  volcanic  vapours,  and 
it  is  a  constituent  of  several  minerals.  As  it  is  obtained 
from  borax  by  the  action  of  sulphuric  acid,  it  is  in  the  state 
of  a  hydrate,  which  may  be  rendered  anhydrous  by  the 
application  of  heat.  It  has  a  bitter  taste,  and  is  destitute 
of  smell.  Its  acid  properties  are  feeble.  It  reddens  litmus 
paper  slightly,  but,  like  the  alkalies,  renders  turmeric  paper 
brown.  The  weakness  of  its  acid  properties  is  further 
manifested  in  its  saline  compounds,  all  the  borates  in  solution 
being  decomposed  by  the  stronger  acids.  The  anhydrous 
acid  fuses  readily,  forming  a  hard,  colourless,  transparent 
glass,  and  this  property  of  ready  fusibility  it  communicates 
to  its  compounds,  on  which  account  borax  is  employed  as  a 
flux. 

Boron  combines  with  chlorine,  but  the  product  is  not  liquid 
like  the  chloride  of  silicium,  but  in  the  shite  of  gas  at  common 
temperatures.  It  is  rapidly  absorbed  by  water,  and  then 
decomposed.  When  it  is  brought  into  contact  with  moist 
air,  a  dense  cloud  of  vapour  is  produced. 

Although  in  these  combinations,  and  still  more  in  those  with 
hydrogen  and  fluorine  before  referred  to,  a  great  analogy  is 
observed  between  silicium  and  boron,  there  are  certain  differ¬ 
ences  which  prevent  us  from  assuming,  that  they  are  precisely 
the  same  substance.  But  they  are  both  connected  in  an  inti¬ 
mate  manner  with  carbon,  and  it  cannot  be  doubted  are 
derived  from  it  as  an  immediate  root.  But  boron  and 
silicium  differ  in  their  relations  with  the  great  mass  of 
mineral  products  in  this,  that  while  the  one  is  diffused 
throughout  the  whole  earth,  the  other  is  found  only  in  a 
few  localities,  and  has  manifestly  been  produced  under 
peculiar  conditions.  So  far  as  observation  yet  shews,  boron 
is  formed  in  connexion  with  volcanic  agents.  Now,  what 
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is  the  conclusion  which  we  ought  to  draw  from  this  ?  Not 
surely  that  boron  and  silicium  are  distinct  products  of  nature, 
each  formed  at  the  beginning  of  matter  proper  to  itself,  but 
that  the  one  is  either  derived  from  the  other,  or  that  both  are 
formed  from  a  common  root.  Silica  constituting  the  greater 
part  of  the  solid  matter  of  the  earth,  and  extending  to  the 
sources  of  volcanic  action,  or  at  any  rate  acted  upon  by  the 
heated  matter  of  volcanoes,  it  is  easy  to  conceive  how  its 
constitution  may  be  so  altered  by  so  powerful  an  agent  as 
to  place  its  elements  in  a  different  chemical  relation  to  one 
another.  If  both  consist  of  carbon  and  hydrogen,  or  any 
other  supposable  form  of  matter,  nothing  is  so  likely  as  that 
silica,  in  the  vast  natural  crucible  in  which  its  products  are 
contained,  may  give  rise  to  another  body  similar  to  itself. 
Such  a  supposition  is  in  accordance  with  the  known  laws  of 
chemical  changes.  The  supposition  that  Nature  has  found 
it  necessary,  if  we  may  use  such  an  expression,  to  form  two 
distinct  kinds  of  matter,  the  one  in  the  smallest  quantity 
and  m  no  sensible  degree,  so  far  as  we  know,  influencing 
the  constitution  of  the  great  mass  of  mineral  substances, 
seems  to  be  opposed  to  a  just  analogy,  and  inconsistent  with 
the  simplicity  of  natural  laws. 
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XXIV.  TITANIUM. 


This  metal  was  first  obtained  from  a  black  sand  found  in 
Cornwall,  resembling  gunpowder,  composed  of  titanic  acid  and 
protoxide  of  iron,  and  it  lias  since  been  discovered  in  a  tew 
other  minerals.  It  has  likewise  been  found  in  crystals  of 
titanic  acid,  taken  from  the  bottom  of  the  smelting  furnaces 
of  large  iron  works. 

Titanium  may  be  procured  by  subjecting  the  acid  along 
with  charcoal  to  the  most  powerful  heat  of  a  wind-furnace, 
which  reduces  the  acid,  but  does  not  fuse  the  metal.  It 
may  likewise  be  procured  from  the  chloride,  in  the  state  of 
a  deep  blue-coloured  powder,  which  burns  when  exposed 
in  a  heated  state  to  the  air.  But  after  it  has  been  subjected 
to  a  high  temperature,  it  becomes  incombustible,  harder, 
and  denser,  and  is  no  longer  acted  upon  by  acids.  These 
are  the  characters  of  silicium,  which  this  substance  further 
resembles  in  its  combinations.  Its  combining  weight  has 
been  calculated  at  24.33.  It  combines  with  oxygen,  chlorine, 
and  sulphur,  and  doubtless  with  many  other  bodies ;  but  its 
compounds  have  been  only  partially  examined.  Its  com¬ 
binations  with  oxygen  are — 


TiO 
Ti  O3 


1.  Titanic  oxide, 

2.  Titanic  acid,  . 


The  latter  substance  is  a  white  powder,  which  acquires 
a  yellow  tint  by  heat.  It  is  insoluble  in  water,  and  infusible  ; 
but,  like  silica,  it  may  be  obtained  in  the  state  of  a  white 
gelatinous  precipitate,  which  is  soluble  in  diluted  hydro¬ 
chloric  acid.  When  this  precipitate  is  dried  and  heated, 
it  glows,  and  is  then  no  longer  soluble  in  any  acid. 
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From  this  account  of  titanium,  no  doubt  can  exist  that 
it  is  closely  allied  to  silicium.  Further,  it  so  nearly  resem¬ 
bles  zirconia  that  the  two  bodies  are  with  difficulty  distin¬ 
guished,  and  is  thus  seen  to  be  one  of  the  links  which  con¬ 
nect  the  siliceous  group  of  bodies  with  the  aluminous. 

These  three  substances,  then,  silicium, boron,  and  titanium, 
may  be  said  to  constitute  the  siliceous  series  of  undecom¬ 
posed  bodies.  They  are  few  in  number,  but  of  vast  extent 
with  relation  to  other  mineral  products,  since  one  of  them, 
silicium,  forms  the  basis  of  the  greater  part  of  the  matter 
existing  on  the  globe. 

The  other  bodies  regarded  as  simple  are  all  metals.  They 
may  be  conveniently  arranged,  nearly  in  the  order  in  which 
they  combine  with  oxygen,  placing  at  the  head  of  the  scale 
gold,  which  is  the  most  electro-negative,  and  exhibits  the 
least  affinity  for  oxygen,  and  at  the  bottom  of  the  scale 
potassium,  which  has  the  greatest  affinity  for  oxygen,  and 
may  be  regarded  as  electro-positive  with  relation  to  all  the 
others.  The  manner  in  which  the  sulphur  and  siliceous 
groups  are  related  to  them  may  be  illustrated  thus : _ 
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Sulphur,  Arsenic,  Antimony,  &c. 


Gold. 

Osmium. 

Iridium. 

Platinum. 

Rhodium. 

Palladium. 

Silver. 

Mercury. 

Copper. 

Zinc. 

Cadmium. 


J 


Silicium,  &c 


/  Tin. 

Lead. 

Cobalt. 

Nickel. 

Iron. 

Manganese. 

Cerium  and  Lantanum. 
Thorium. 

Zirconium. 

/  Aluminum. 

Yttrium. 

Glucinum. 

Magnesium. 

Calcium. 

Strontium. 

Barium. 

Lithium. 

Sodium. 

\  Potassium. 


Bismuth,  it  was  seen,  passes  into  copper,  copper  passes 
into  zinc,  zinc  into  tin,  tin  into  lead,  and  so  on  to  iron  and 
the  alkaligenous  metals.  The  whole  members  of  the  group 
are  thus  connected  with  one  another,  and  with  the  other 
bodies  termed  simple,  exhibiting  a  concatenation  of  parts, 
which  can  be  accounted  for  only  by  a  common  derivation. 
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XXV.  GOLD. 

Gold,  although  not  the  most  useful,  has  in  every  age 
been  regarded  as  the  most  precious,  of  the  metals ;  a  dis¬ 
tinction  which  it  owes  to  its  rarity,  its  beauty,  its  indestruc¬ 
tibility,  and  other  properties.  It  occurs  in  the  metallic 
state,  either  pure,  or  alloyed  with  silver,  or  other  metals, 
and  frequently  with  iron  pyrites.  It  occurs  crystallized  in 
the  cubic  or  allied  forms,  in  veins  and  threads,  but  is  often 
so  disseminated  in  the  mass  of  rock  as  to  be  only  detected 
by  pounding  and  washing.  It  is,  however,  most  abundantly 
found  in  the  sand  of  rivers  and  other  alluvial  deposites,  into 
which  it  has  been  carried.  In  this  condition  it  is  found  in 
Brazil,  Mexico,  and  Peru,  in  Africa,  and  in  the  river  sands 
of  many  countries.  The  chief  supplies  of  it  are  derived 
from  Mexico  and  South  America,  from  the  mines  of  Hun¬ 
gary,  and  more  recently  from  the  Oural  Mountains. 

Gold  is  easily  separated  from  the  alloys  and  extraneous 
bodies  with  which  it  is  found.  When  pure,  it  is  of  a  yellow 
colour,  which  distinguishes  it  from  the  other  simple  metallic 
bodies.  Its  lustre  is  considerable,  but  even  when  burnished, 
it  is  inferior  in  brilliancy  to  silver,  steel,  or  mercury.  Its 
specific  gravity  is  from  19.4  to  19.6.  It  is  soft,  and  very 
flexible.  It  is  of  all  the  metals  the  most  ductile  and  mal¬ 
leable.  It  may  be  beaten  into  leaves  of  surpassing  tenuity. 

It  melts  at  the  temperature  of  about  2016°  F.,  and  when  in 
the  melted  state,  assumes  a  bluish-green  colour.  It  expands 
more  in  the  act  of  fusion,  and  consequently  contracts  more 
m  cooling,  than  most  other  metals,  and  hence  it  is  not  well 
fitted  for  forming  casts  from  moulds.  It  is  in  no  way  al¬ 
tered  by  water  or  air,  and  hence  it  may  be  exposed  for  a-es 
to  moisture  and  the  atmosphere  without  having  its  surface 
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corroded.  It  is  not  oxidated  by  being  kept  in  a  state  of 
fusion  in  open  vessels ;  but  it  may  be  ignited  by  the  power¬ 
ful  action  of  electricity  or  the  oxyliydrogen  blow-pipe,  and 
then  it  burns  brilliantly  with  a  greenish-blue  flame,  and  is 
dissipated  in  the  form  of  a  purple  powder.  It  is  not  oxi¬ 
dated  and  dissolved  by  any  of  the  pure  acids.  But  chlorine 
combines  with  it,  and  hence  it  is  dissolved  by  nitro-hydro- 
cliloric  acid,  which  supplies  chlorine,  and  this  acid,  on  ac¬ 
count  of  its  dissolving  gold,  was  distinguished  by  the  older 

chemists  as  aqua  regia. 

The  combining  weight  of  gold  is  estimated  by  some  at 
199.2.  by  others  at  one-lialf.  It  combines  with  oxygen, 
chlorine,  sulphur,  and  other  substances,  and  forms  alloys 
with  bodies  of  its  own  class. 

Gold,  regarded  in  all  ages  as  the  noblest  of  the  metals, 
is  yet  connected  with  the  others  of  the  class,  by  characters 
which  place  it  beyond  dispute,  in  the  same  natural  group. 
It  passes  through  platinum,  silver,  and  mercury,  into  cop¬ 
per,  and  through  copper,  into  tin,  lead,  and  other  metals. 
Copper,  it  has  been  seen,  is  connected  by  the  closest  relation 
with  bismuth,  antimony,  arsenic,  and  these  again  with  sul¬ 
phur,  and  so  on  to  nitrogen  and  oxygen.  Gold,  therefore, 
with  all  its  beauty  and  perfectness  of  metallic  characters, 
is  no  other  than  a  sequence  of  a  chain  of  bodies  ;  and  what 
we  believe  of  any  one  of  them,  with  respect  to  its  essential 
constitution,  we  must  believe  of  gold. 
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XXVI,  PLATINUM. 

A\  liilst  gold  has  been  the  object  of  desire  from  the  earliest 
times,  platinum,  not  less  to  be  ranked  amongst  the  precious 
metals,  and  for  certain  of  its  uses  more  valuable  than  gold, 
was  unknown  in  Europe  till  about  the  middle  of  last  century! 
It  has  been  found  in  Brazil,  in  Peru,  in  the  mine  of  Santa  Fe, 
near  Carthagena,  at  Santa  Bosa,  in  the  province  of  Antio- 
quia,  where  it  occurs  in  veins  associated  with  gold,  and  in 
the  valley  of  Jaky,  in  St  Domingo.  It  has  been  detected  in 
the  silver  mines  of  Guadalcanal,  in  Estremadura.  But  the 
richest  mines  of  it  yet  known,  are  on  the  east  side  of  the 
Ouial  Mountains,  where  it  was  discovered  so  lately  as  the 
\eai  1820,  and  whence  it  is  obtained  in  such  quantity,  as 
to  be  used  as  coin  in  the  Russian  Empire. 

It  occurs  m  the  form  of  small  rounded  or  flattened  grains, 
which,  in  rare  cases,  are  of  the  size  of  a  pea  and  upwards. 
Its  particles  are  found  mixed  with  sand,  and  other  sub¬ 
stances,  in  alluvial  depositions,  and  it  is  said  likewise  to 
have  been  found  in  situ  in  disintegrated  syenite.  It  occurs, 
likewise,  m  veins,  chiefly,  it  would  seem,  in  syenitic  rocks, 
m  the  form  of  heavy  grains,  darker  than  silver.  The  grains 
of  native  platinum  usually  contain  from  75  to  85  per  cent, 
or  more  of  that  metal,  with  frequently  so  much  of  iron, 
that  they  are  magnetic,  together  with  small  quantities  of 
palladium,  iridium,  osmium,  rhodium,  and  copper. 

Platinum  is  purified  from  the  substances  with  which  it  is 
associated,  by  processes  of  considerable  labour,  and  is  ob¬ 
tained  m  a  state  of  minute  division,  in  which  condition,  it, 
is  frequently  termed  spongy  platinum.  It  is  then,  by  pres¬ 
sure  and  heat,  converted  into  bars  or  ingots.  The  perfect¬ 
ing  of  these  processes  is  due  to  the  late  Dr  Wollaston,  who 
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thus  contributed  greatly  to  the  advancement  of  chemical 
science,  by  supplying  to  the  operator  vessels  formed  of  a 
metal  which  resists  the  action  of  powerful  agents,  and  is 
nearly  indestructible  by  the  greatest  heat  which  the  chemist 
has  occasion  to  employ. 

Platinum,  when  pure,  resembles  silver,  in  colour  and  ex¬ 
ternal  characters,  but  is  of  a  lustre  much  inferior  to  silver. 
It  is  the  heaviest  of  the  metals,  and  of  any  known  substance. 
Its  specific  gravity  increases  somewhat  by  hammering,  its 
maximum  being  21.5313.  It  is  highly  malleable,  though 
less  so  than  gold  and  silver.  It  may  be  hammered  into 
leaves,  which  do  not  exceed  the  part  of  an  inch  in 
thickness.  Its  tenacity  is  so  great,  that  a  wire  of  it,  of  .078 
of  an  inch,  is  capable  of  sustaining  a  weight  of  274.31  lb. 
avoirdupois.  It  is  infusible  by  the  most  intense  heat  of  a 
smith’s  forge,  but  it  softens  at  high  temperatures,  and  may 
be  welded  by  hammering,  like  iron.  Under  the  powerful 
action  of  galvanism,  or  the  oxyhydrogen  blowpipe,  how¬ 
ever,  it  may  be  fused.  On  heating  a  small  wire  intensely 
by  these  means,  it  melts,  and  then  is  dissipated  with  the 
emission  of  bright  sparks.  This  property  of  extreme  in- 
fusibility,  platinum  loses  by  admixture  of  other  substances  ; 
and  hence,  while  impure  platinum  may  be  fused,  that  which 
is  pure  will  not  be  affected.  It  is  in  no  degree  acted  upon 
by  air  or  moisture  ;  but,  when  ignited  with  certain  bodies 
yielding  oxygen,  as  nitre,  it  undergoes  oxidation.  It  is  not 
acted  upon  by  any  of  the  pure  acids.  Its  only  solvent  is 
chlorine,  or  such  solutions  as  supply  it ;  and  hence,  nitro- 
hydrochloric  acid,  so  long  known  as  the  solvent  of  gold, 
is  likewise  the  solvent  of  platinum. 

Platinum  is  obtained  in  the  most  perfectly  divided  state, 
by  dissolving  the  protochloride  in  a  hot  concentrated  solu¬ 
tion  of  potassa,  and  dropping  into  it  alcohol,  which  causes 
a  violent  effervescence.  The  precipitate,  when  freed  of 
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foreign  matters  and  dried,  resembles  lamp-black,  and  soils 
the  fingers  like  silicium  in  the  same  condition,  and  it  is  not 
till  this  powder  is  exposed  to  a  white  heat,  that  it  re-assumes 
the  metallic  aspect. 

Platinum,  it  was  before  observed,  when  a  stream  of  hy¬ 
drogen,  in  connexion  with  oxygen,  plays  upon  it,  causes 
instant  condensation  and  combination  of  the  gases,  with  an 
evolution  of  heat  so  great  as  to  raise  the  platinum  in  an  in¬ 
stant  to  incandescence.  The  same  action  is  manifested 
v  hen  the  platinum  is  reduced  to  powder.  The  powder,  too, 
absorbs  and  condenses  gases  with  its  interstices  and  pores, 
in  the  manner  of  charcoal. 

The  combining  weight  of  platinum  has  been  estimated 
at  98.84.  It  combines  with  oxygen,  chlorine,  sulphur,  and 
other  bodies,  and  with  the  bodies  of  its  own  class  forming 
alio  vs. 
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XXVII.  OSMIUM. 

When  crude  platinum  has  been  dissolved  in  hydrochloric 
acid,  a  part  remains  undissolved  in  the  state  of  a  black  pow¬ 
der.  This  powder  is  an  alloy  composed  of  the  two  metals, 
osmium  and  iridium,  from  which  the  osmium  is  separated 
by  means  of  fusion,  with  soda  or  nitrate  of  potassa.  It  is 
obtained  as  an  oxide,  which  is  easily  reduced  to  the  metallic 
state.  Thus  obtained  it  is  a  black  powder,  which,  by  pres¬ 
sure,  is  rendered  compact,  when  it  acquires  a  white  colour, 
and  metallic  lustre,  but  less  brilliant  than  that  of  platinum. 
It  is  brittle,  and  easily  pulverized.  When  in  the  state  of 
powder,  as  it  is  obtained  from  the  oxide,  it  takes  fire  when 
heated  in  the  open  air,  burning  without  residue,  and  it  is 
readily  oxidated  by  nitric  acid.  But  when  rendered  dense 
bv  the  application  of  a  red  heat,  it  is  not  attacked  by  acids, 
and  may  be  heated  without  undergoing  oxidation.  Its  spe¬ 
cific  gravity,  when  most  dense,  is  10.  Its  combining  weight 
has  been  estimated  at  99.7,  and  it  forms  the  following  com- 


pounds  with  oxygen, — 

1.  Protoxide, 

• 

• 

Os  0 

2.  Sesqui-oxide, 

• 

• 

Os2  O3 

3.  Binoxide, 

o 

• 

Os  O2 

4.  Teroxide, 

Os  O3 

5.  Quadroxide,  or  osmic  acid, 

•# 

•« 

Os  O4 

The  latter  compound  is  produced  by  the  combustion  of 
osmium,  by  its  oxidation  by  acids,  or  by  its  being  fused  along 
with  nitrate  of  potassa.  It  is  obtained  in  the  form  of  brilliant 
white  crystals,  or  in  an  aqueous  solution  which  yields  crystals 
on  cooling.  It  is  volatile,  and  has  a  pungent  offensive  odour 
resembling  that  of  chlorine,  and  its  vapour,  like  that  of  chlo¬ 
rine,  is  very  acrid,  producing  cough  and  painful  feelings.  Os¬ 
mium,  too,  combines  with  chlorine,  sulphur,  and  other  bodies. 
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XXVIII.  IRIDIUM. 

Iridium  is  obtained  from  its  alloy  with  osmium,  by  a  series 
of  processes.  It  is  an  exceedingly  brittle  metal.  It  has, 
when  fused,  the  aspect  of  platinum  ;  but  it  is  of  all  known 
metals  the  most  infusible.  It  has  resisted  the  attempts  to 
melt  it  by  the  most  skilful  chemists,  and  has  perhaps  been 
1  eally  fused  only  once,  and  this  by  the  action  of  themostpower- 
ful  galvanic  battery  that  has  yet  been  constructed,  namely, 
that  of  Mr  Children.  The  specific  gravity  of  the  little  globule 
obtained  was  18.68 ;  that  of  the  unfused  metal  is  15.8629.  If 
when  in  a  fine  state  of  division  it  is  exposed  to  a  red  heat 
m  the  open  air,  it  becomes  oxidated.  It  resists  the  action  of 
all  the  acids,  except  the  nitro-hydrochloric,  and  even  this 
acts  upon  it  feebly.  Its  combining  weight  is  estimated  at 
98.8,  being  the  same  as  that  of  platinum,  and  its  combina¬ 
tions  are  analogous  to  those  of  osmium. 
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XXIX.  RHODIUM. 

Rhodium,  like  palladium,  iridium,  and  osmium,  is  found 
associated  with  platinum.  It  is  obtained  in  the  state  of  a 
black  powder,  but  being  fused,  for  which  an  intense  tem¬ 
perature  is  required,  it  has  the  colour  and  lustre  of  platinum. 
It  is  brittle,  hard,  and  capable,  when  fused,  of  resisting 
the  action  of  all  acids,  but  when  alloyed  with  certain  metals, 
it  dissolves  along  with  these  metals  in  hydrochloric  acid. 
Its  solutions  have  a  fine  rose-colour,  whence  its  name  godov, 
a  rose.  Its  specific  gravity  is  about  11,  and  its  combining 
weight  is  estimated  at  52.2.  Its  combinations,  so  far  as  they 
have  been  examined,  are  similar  to  those  of  the  other  bodies 
of  the  same  class. 
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XXX.  PALLADIUM. 

Palladium  is  obtained  from  an  acid  solution  of  the  crude 
ore  of  platinum.  It  is  precipitated  from  the  solution  in  the 
form  of  a  powder,  which  is  rendered  malleable  by  a  process 
of  purification  and  alternate  heating.  The  metal  resembles 
platinum  in  its  external  characters,  being,  like  it,  of  a  white 
colour,  and  in  lustre  inferior  to  silver.  It  is  malleable  like 
platinum,  but  more  hard ;  it  is  more  fusible  than  platinum, 
and,  when  intensely  heated  by  the  oxyhydrogen  blowpipe, 
is  dissipated  in  bright  sparks.  It  is  not  acted  upon  by  ex¬ 
posure  to  the  air,  but  when  strongly  heated  in  oxygen  gas, 
its  surface  acquires  a  fine  blue  colour  manifesting  the  com¬ 
mencement  of  oxidation.  It  is  acted  upon  by  nitric,  and 
even  by  sulphuric  acid,  in  which  respect  it  differs  from  pla¬ 
tinum,  which  is  not  acted  upon  by  these  acids  ;  but  its  pro¬ 
per  solvent,  as  in  the  case  of  gold  and  platinum,  is  nitro- 
hydrochloric  acid.  Its  density  is  about  11.8,  being  little 
more  than  half  that  of  platinum,  and  its  combining  weight 
is  computed  to  be  53.36.  Its  combinations,  in  so  far  as  they 
have  been  examined,  are  similar  to  those  of  the  bodies  of 
the  same  class. 

These  five  bodies,  then,  platinum,  osmium,  iridium,  rho¬ 
dium,  and  palladium,  are  all  connected  together,  and  pos¬ 
sess  the  same  general  physical  and  chemical  characters. 
The  existence  of  this  single  group  of  bodies  should  of  itself 
demonstrate,  that  the  theory  of  the  existence  of  55  distinct 
elements  cannot  be  maintained.  Even  if  it  could  be  con¬ 
ceived  that  platinum  was  a  distinct  chemical  element,  how 
could  it  be  conceived  that  iridium  likewise  was  so,  found 
only  in  connexion  with  the  other,  possessing  all  its  essential 
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properties,  and  not  differing  more  from  it  than  some  other 
bodies  do  from  their  normal  characters  after  being  subjected 
to  a  red  heat  and  before  ?  We  treat  with  ridicule  the 
opinion  of  the  alchymists,  that  the  elements  were  three, — 
salt,  sulphur,  and  mercury  ;  but  two  of  the  three  we  still 
retain  as  elements,  and,  although  we  now  know  that  the 
other  is  not  an  element,  the  discovery  does  not  date  far  back 
in  the  history  of  chemical  science.  In  place  of  this  elemen¬ 
tary  salt,  we  have  now  more  than  50  elements,  so  that  if  we 
have  corrected  the  opinion  of  our  precursors  in  this  one 
point,  we  have  erred  at  least  in  an  equal  degree  in  another 
direction.  In  seeking  to  reduce  all  bodies  to  simple  elements, 
the  early  cultivators  of  chemistry  followed  out,  though  with 
imperfect  lights,  a  natural  train  of  thought.  They  had  even 
improved  upon  the  earlier  conception,  that  the  elements 
were  four, — earth,  air,  fire,  and  water.  But  even  this  latter 
idea  was  a  natural  one.  For  earth,  air,  and  water  are  still  in 
one  sense  the  root  of  many  bodies,  though  the  earlier  phi¬ 
losophers  did  not  know  that  there  were  many  earths  and 
airs,  and  that  water  was  derived  from  elements  more  simple 
than  itself ;  and  with  respect  to  their  element  of  fire,  we  can 
hardly  say  that  the  idea  was  extravagant,  when  we  know, 
that  almost  until  the  age  in  which  we  live,  the  same  doc¬ 
trine,  modified  into  the  theory  of  phlogiston,  retained  its 
place  among  the  admitted  truths  of  science. 

Platinum  and  the  allied  bodies  are  found  in  the  oldest 
rock  formations,  or  in  their  detritus  washed  into  crevices, 
hollows,  and  plains.  In  this  respect  platinum  is  found 
under  the  same  conditions  as  gold,  tin,  and  other  perfect 
metals,  which  are  generally  found  in  veins,  sometimes  in 
threads  as  fine  as  a  hair,  passing  through  the  mass  of  rock 
with  which  they  are  associated.  Many  theories  have  been 
proposed  to  account  for  the  production  of  metals  under  these 
circumstances.  One  of  the  latest  ascribes  their  formation 
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to  electrical  agency.  We  are  the  less  entitled  to  reject  this 
hypothesis,  now  that  we  know  the  close  relation,  if  not  the 
absolute  identity,  of  chemical  and  electrical  forces,  so  that 
iv  len  we  ascribe  an  effect  to  electricity,  we  may  be  said  to 
ascribe  it  to  a  chemical  action.  But  the  hypothesis  infers  that 
t  le  matter  on  which  the  agent  acted  was  already  formed 

*  0W’ what  was  tlle  matter  1  Was  it  a  set  of  molecules,  proper 
to  each  metal  to  be  formed,  and  the  sole  element  of  each 
metal,  which  in  this  case  only  could  be  called  a  simple  body. 

.  r  was  each  metal  formed  by  new  combinations  of  pre-ex¬ 
isting  elements  ?  We  have  a  knowledge  of  the  one  kind 
of  change  m  every  chemical  combination  ;  but  of  the  other 
md  of  action  we  have  no  knowledge  whatever.  The  solid 
ci  ust  of  the  eaith  consists  essentially  of  silica,  alumina,  lime, 
magnesia,  the  oxides  of  iron,  soda,  and  potassa.  Each  and  " 
all  of  these  may  be  supposed  to  possess  the  materials  for 
forming  new  products,  and  amongst  these  products,  the  class 
o  crystalline  bodies  which  we  term  metals  ;  and  we  should 
no  more  hesitate  to  believe  that  gold,  platinum,  and  silver 
have  been  produced  by  chemical  actions,  in  this  vast  maga¬ 
zine  of  matter,  than  that  any  of  the  rarer  minerals  have 
been  so  produced. 
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XXXI.  SILVER. 

This  beautiful  substance  has,  like  gold,  been  known  from 
the  earliest  records  of  mankind.  It  exists  in  various  ores 
and  mineral  species.  It  is  found  native,  or  in  combination 
with  gold,  mercury,  copper,  lead,  sulphur,  arsenic,  anti¬ 
mony,  and  most  abundantly  as  a  sulphuret,  either  alone  01 

mixed  with  other  sulphur ets. 

Silver  is  of  a  yellowish-white  colour,  and,  when  burnished, 
the  most  brilliant  of  all  the  metals,  except  polished  steel. 
It  is  soft  when  pure,  and  may  be  cut  with  a  knife.  It  is 
malleable  and  ductile  in  a  high  degree.  In  the  former  pio- 
perty,  that  of  malleability,  it  is  superior  to  all  the  metals 
except  gold,  and  may  be  beaten  into  leaves  of  iosooo  Par^ 
of  an  inch  in  thickness.  It  is  so  ductile,  that  it  may  be 
drawn  into  threads  finer  than  the  human  hair.  In  tenacity, 
it  is  superior  to  gold,  a  wire  of  .078  of  an  inch  in  diameter 
being  capable  of  sustaining  a  weight  of  178.13  lb.  avoirdu¬ 
pois.  It  fuses  at  a  temperature  of  about  1873°  F.,  and,  on 
cooling  slowly,  may  be  crystallized,  its  crystalline  form 
being  the  cube  or  octahedron.  When  exposed  in  the  state 
of  leaf,  or  fine  wire,  to  a  powerful  voltaic  action,  oi  when 
acted  upon  by  the  oxyliydrogen  blow-pipe,  it  burns  biil- 
liantly  with  a  light-green  flame,  emitting  bright  sparks.  It 
is  not  oxidated  by  simple  exposure  to  the  air,  nor  by  being 
kept  under  water  ;  but  if  it  be  exposed  long  in  a  state  of 
fusion,  it  partially  combines  with  the  oxygen  of  the  air  ;  or 
if  it  be  heated  to  redness  in  contact  with  glass  or  porcelain, 
it  attracts  oxygen,  and  forms  an  oxide  which  combines  with 
the  earthy  matter  of  the  glass  or  porcelain,  forming  an 
enamel.  Silver,  besides  its  chemical  union  with  oxygen, 
absorbs,  when  exposed  to  heat,  in  the  state  of  fusion,  a 
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quantity  of  oxygen  gas,  which  it  gives  back  again  in  the 
course  of  becoming  solid.  The  quantity  of  oxygen  thus 
absorbed  is  sometimes  20  times  or  more  the  volume  of  the 
metal.  The  only  pure  acids  known  to  act  on  silver,  are  the 
sulphuric,  with  the  aid  of  heat,  and  the  nitric.  Nitro- 
hydro chloric  acid  likewise  acts  on  silver,  but  feebly. 

The  density  of  silver  is  from  10.474  to  10.542.  and  its 
combining  weight  is  reckoned  108.3.  It  unites  with  oxy¬ 
gen,  chlorine,  sulphur,  and  other  substances,  and  it  forms 
alloys  with  the  bodies  of  its  own  class. 

Its  protoxide  combines  with  ammonia,  forming  a  body  of 
vast  explosive  powers.  This  dangerous  substance,  if  even 
shghtly  pressed  by  a  hard  body,  nay,  touched  by  a  feather 
when  dry,  will  explode  with  frightful  violence.  The  ex¬ 
plosion  is  attributed  to  the  reduction  of  the  metal,  by  the 
combination  of  its  oxygen  with  the  hydrogen  of  the’ ammo¬ 
nia,  and  the  evolution  of  nitrogen  gas.  But  this  scarcely  ac¬ 
counts  for  the  effect,  and  it  may  be  doubted  whether  other 
decompositions  do  not  take  place.  Compounds  of  the  same 
nature  are  formed  by  combinations  of  the  oxides  of  gold 
and  platinum  with  ammonia. 

Chloride  of  silver  is  remarkable  for  its  susceptibility  to 

t  le  action  of  light,  on  which  account  it  is  employed  to  fix 

.mages  on  paper.  This  mineral  is  found  in  veins,  and  some- 
times  m  beds. 

Sulphuret  of  silver,  formed  by  single  equivalents  of  sul- 
p  ur  or  silver,  is  isomorphous  with  a  sulphuret  of  copper 
and  the  two  substances  replace  one  another  in  certain  native 
sulphurets.  The  sulphuret  is  the  most  important  of  the 
ores  of  silver.  It  is  found  almost  always  in  veins  in  the 
older  formations,  the  matter  of  the  adjoining  rock  being 
frequently  impregnated  with  the  sulphuret. 

Silver  is  \  ery  generally  associated  in  the  natural  state 
with  copper,  antimony,  and  arsenic,  members  of  the  sulphur 
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group  of  bodies.  It  is  frequently  found  along  with  lead,  in 
the  ores  of  which  it  is  seen  to  be  diffused  in  fine  threads. 
It  is  found  likewise  along  with  mercury. 

If  the  compositions  indicated  by  the  table  were  correct, 
silver  would  approach  in  composition  to  both  mercury  and 
lead.  Thus, — 

Silver,  .  .  H24  C14  =  14  H  C  +  H10 

Mercury,  .  •  H17  =  14  H  G  +  II3 

Lead,  .  .  .  jji9  C14  =  14  H  C  F  H5 

But,  however  this  be,  it  is  difficult  to  conceive  that  these 
bodies  have  not  all  been  produced  by  similar  agencies, 
causing  chemical  changes  of  the  matter  of  the  siliceous  and 
other  mineral  substances  in  which  they  are  found. 
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XXXII.  MERCURY. 


Mercury,  associated  in  popular  language  with  silver,  as 
argentum  vivum,  or  quicksilver,  has  been  known  from  the 
eailiest  ages.  It  is  found  in  several  species  of  ore  ;  but  that 
from  which  nearly  all  the  mercury  of  commerce  is  derived, 
is  the  sulphuret,  termed  likewise  cinnabar,  from  which  the 
metal  is  obtained  by  easy  means.  The  cinnabar  is  mixed 
with  lime,  or  iron  turnings,  and  exposed  to  heat  in  a  species 
of  oven  or  large  iron  retort.  The  sulphur  combines  with 
the  lime  or  the  iron,  forming  with  them  a  sulphuret,  and 

the  mercury  itself,  which  is  volatile,  then  passes  off,  and  is 
received  under  water. 


Mercury  is  distinguished  from  all  the  metals  by  beum 
liquid  at  common  temperatures.  It  has  a  silver- white  colour 
and  great  lustre.  Its  density  is  about  13.3.  At  somewhat 
less  than  40°  below  the  zero  of  F.  it  becomes  solid,  crystal¬ 
lizing  m  regular  octahedrons.  At  the  moment  of  congela¬ 
tion  it  contracts,  its  specific  gravity  increasing  to  about  14.5. 
When  solid,  it  is  malleable,  and  may  be  cut  with  a  knife. 
It  boils  at  the  temperature  of  662°,  and  by  a  continuance 
of  the  heat,  may  be  all  evaporated,  and  condensed  again  on 
a  cool  surface.  The  vapour  of  mercury  is  invisible  like  air, 
and  highly  elastic,  and,  like  other  gases,  it  is  expansible  in 
an  indefinite  degree  by  heat.  If  enclosed  in  a  strong  vessel, 
and  exposed  to  a  high  temperature,  it  will  burst  the  vessel 
with  tremendous  force.  Mercury,  if  entirely  pure,  does  not 
seem  to  be  acted  upon  by  the  moisture  of  the  air  at  common 
temperatures  ;  but  if  heated  to  near  the  boiling  point,  it 
absorbs  oxygen,  forming  scales  of  red  oxide,  and,  if  Ex¬ 
posed  in  the  state  of  vapour  to  air  or  oxygen  gas,  it  slowly 
combines  with  oxygen.  It  is  readily  dissolved  by  nitric 
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acid,  but  is  not  affected  by  hydrochloric  acid,  m  which  re¬ 
spect  it  approaches  to  the  characters  of  silver . 

Mercury,  although  obtained  in  the  liquid  form,  may  like¬ 
wise  be  procured  in  the  state  of  a  fine  powder,  but  it 
again  assumes  the  liquid  form  on  becoming  dry.  To  obtain 
mercury  in  this  form,  equal  weights  of  the  crystallized  hy¬ 
drate  of  protochloride  of  tin,  and  chloride  of  mercury,  are 
dissolved,  the  former  in  diluted  hydrochloric  acid,  and  the 
latter  in  hot  water,  and  the  solutions  are  mixed  and  stirred 
together.  The  mercury  is  liberated,  the  whole  of  the  chlo¬ 
rine  combining  with  the  protochloride  of  tm,  and  forming 
bichloride,  which  remains  in  solution.  So  fine  is  the  divi¬ 
sion,  that  the  liberated  mercury  takes  several  hours  to  sub¬ 
side.  Mercury  then  assumes  the  form  of  minute  division, 
which  silver  and  other  metals  under  certain  conditions  as¬ 
sume  . 

Mercury  combines  with  oxygen  and  chlorine,  sulphur, 
phosphorus,  and  other  bodies,  and  with  the  substances  of  its 
own  class,  forming  the  alloys  termed  amalgams.  Its  com¬ 
bining  weight  is  generally  reckoned  101.43,  though  many 

chemists  double  this  number. 

Mercury  is  almost  equally  related  to  the  noDle  meta  s, 

gold  and  platinum,  as  silver,  but,  like  silver,  it  exhibits  rela¬ 
tions  with  copper  and  lead.  Like  silver,  copper,  and  lead, 
it  has  a  strong  affinity  for  sulphur,  and  it  is  chiefly  in  com¬ 
bination  with  this  substance  that  it  is  found  in  the  mineral 
state.  The  sulphuret  exists  in  gneiss,  and  in  beds  and  veins 
in  later  deposites,  though  in  none  later,  it  is  believed,  than 
in  some  shales  of  the  older  secondary  formations.  Mercury 
is  thus  one  of  those  rare  and  beautiful  substances,  produced 
in  the  earlier  periods  of  the  globe,  when  conditions  existed 
of  heat  and  other  agencies,  which  may  well  account  for 
chemical  changes,  which  we  cannot  now  produce  by  art. 
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XXXIII.  COPPER. 


This  metal  exists  abundantly  and  in  various  species  of  ore. 
It  is  often  found  native,  but  the  ores  which  produce  it  most 
largely  are  the  sulphurets,  and  in  an  especial  manner,  the  sul- 
phuret  termed  glance  copper,  and  copper  pyrites,  which  last 
is  the  most  important  of  the  ores  of  copper,  and  is  a  compound 
O  sulphuret  of  copper  and  sesqui-sulpfiuret  of  iron.  The 
smelting  of  copper  is  for  the  most  part  complicated  and 
laborious.  When  the  ore  which  is  acted  upon  is  copper 
pyrites,  the  end  aimed  at  is  to  drive  away  the  sulphur,  and 
oxidate  the  iron.  The  latter  oxide  combining  with  silica, 
which  is  supplied  from  siliceous  substances  during  the  pro¬ 
cess,  forms  a  silicate  which  can  be  removed,  while  the  copper 
by  a  complication  of  processes,  is  freed  from  the  various 
substances  with  which  it  is  associated,  and  at  length  obtained 
m  a  state  of  sufficient  purity  for  ordinary  uses. 

Copper  is  of  a  fine  red  tint,  and  is  the  only  one  of  the 
metals,  except  titanium,  which  possesses  this  colour.  By 
burnishing,  it  acquires  a  high  degree  of  lustre.  Its  taste  is 
nauseous  and  styptic,  and  by  rubbing  or  heating,  a  peculiar 
odour  is  produced.  It  is  a  very  malleable  metal,  and  may 
be  hammered  into  leaves  of  considerable  fineness.  In  tena¬ 
city  it  surpasses  gold,  platinum,  and  silver,  and  is  inferior 
only  to  iron,  A  wire  of  .078  of  an  inch  in  diameter  has 
een  found  to  support  a  weight  of  302.26  lb.  avoirdupois 
It  is  hard  and  elastic,  and  this  property  being  possessed  by 
some  of  its  alloys,  they  are  sonorous,  and  used  as  bells  Its 
crystalline  form  seems  to  be  the  octahedral.  It  fuses  at  a 
temperature  of  about  1996“  T„  and  hence  it  is  but  a  little 
less  fusib le  than  gold  ;  and  if  the  heat  be  increased,  it  is 
dissipated  m  white  fumes.  When  exposed  to  a  stream 
of  the  oxyhydrogen  blowpipe,  or  to  voltaic  action,  it  takes 
re,  and  burns  brightly,  emitting  a  lively  green  light. 

W  hen  exposed  to  the  air  of  the  atmosphere,  it  becomes  gra- 
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dually  tarnished,  and  at  length  is  covered  with  a  dark-green 
crust  of  hydrate  of  a  carbonate  ot  copper.  It  is  not  acted 
upon  by  water,  unless  air  have  access  to  it,  and  hence  water 
may  be  kept  in  a  copper  vessel,  except  that  at  the  surface 
a  green  crust  is  formed.  Copper  oxidates  slowly  in  the  air 
at  common  temperatures,  but  when  it  is  raised  to  a  red  heat, 
it  combines  with  oxygen  quickly.  W4ien  a  plate  of  the 
metal  is  heated  red-hot,  it  is  covered  in  a  few  minutes  with 
a  crust,  which  separates  in  scales  as  the  plate  is  allowed  to 
cool ;  and  any  quantity  of  this  oxide  may  be  obtained  by 
alternately  heating  the  plate  of  metal  and  plunging  it  in 
cold  water.  When  copper  is  heated  below  redness,  its  sur¬ 
face  assumes  finely  variegated  shades  of  orange,  blue,  and 
yellow,  and  in  this  manner  thin  plates  of  it  are  sometimes 
tinged  for  toys  and  rude  ornaments.  Nitric  acid  acts  power¬ 
fully  upon  it,  but  it  is  scarcely  at  all  affected  by  being  boiled 
in  hydrochloric  acid. 

Its  specific  gravity,  when  fused,  is  about  8.667,  and  when 
forged,  8.95.  Its  combining  weight  is  generally  reckoned 
31.71,  although  many  chemists,  perhaps  with  better  rea¬ 
son,  reckon  it  double,  63.42.  It  combines  with  oxygen, 
chlorine,  sulphur,  and  other  bodies,  and  it  forms,  with  the 
other  metals,  alloys,  some  of  which  are  of  great  importance 
in  the  arts,  such' as  brass  and  bronze. 

Copper  exists  most  largely  in  the  natural  state  in  combi¬ 
nation  with  sulphur,  but  it  is  found  also  in  combination  with 
oxygen  and  chlorine,  and  forms  various  salts,  constituting 
distinct  mineral  species.  The  most  abundant  salts  of  cop¬ 
per  are  the  sulphates,  produced  by  the  decomposition  of  its 
sulphur ets.  The  relations  of  copper  with  sulphur  itself  have 
been  pointed  out,  and  we  are  thus  led  to  associate  its  pro¬ 
duction  with  that  mighty  volcanic  agency,  to  which  the 
production  of  sulphur  may  not  unreasonably  be  ascribed, 
i  Be  this  as  it  may,  copper  is  the  production  of  an  early  pe¬ 
riod  in  the  history  of  the  globe,  it  being  never  found,  it  is 
believed,  in  more  recent  rocks  than  the  earlier  members  of 
the  carboniferous  era. 
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XXXIV.  ZINC. 

The  early  nations  of  Europe  were  acquainted  with  a 
mineral,  which,  melted  with  copper,  formed  brass  ;  but  it 
is  not  known  whether  they  were  acquainted  with  the  metal 
zinc  in  its  separate  state.  It  is  first  mentioned  by  Para¬ 
celsus  m  the  16th  century.  But  there  is  reason  to  be¬ 
lieve  that  it  was,  from  early  times,  known  to  the  natives  of 
the  East,  and  that  they  possessed  the  art  of  rendering  it 
malleable.  It  is  found  in  several  minerals,  but  the  ores 
which  chiefly  yield  it  are  the  native  carbonates,  classed 
under  the  common  name  calamine,  termed  by  miners  blende, 
or  zmc-blende.  The  extraction  of  the  metal  from  the  first 
of  these  classes  of  minerals,  is  effected  by  heating  the  ore 
along  with  carbonaceous  substances  ;  and  so  likewise  it  is 
fiom  the  sulphuret,  after  the  process  of  roasting,  as  it  is 
termed,  or  exposing  the  ore  to  a  low  red  heat.  The  clay 
pots,  or  crucibles,  in  which  the  smelting  process  is  per¬ 
formed,  aie  closed  at  the  top,  while  through  the  bottom 
there  passes  an  iron  tube,  the  upper  aperture  of  which  is 
within  the  crucible,  while  the  lower  terminates  just  above 
a  vessel  of  water.  Through  this  tube  the  vapour  of  the 
zinc,  with  the  other  gaseous  products,  passes,  and  the  zinc 
is  condensed  in  the  water.  It  is  then  melted,  and,  being 
cast  into  ingots,  forms  the  zinc  of  commerce. 

Zinc  is  a  bulliant  metal,  of  a  bluish-white  colour.  Its 
structui  e  is  lamellated,  and  it  is  seen  to  be  composed  of  thin 
crystalline  plates  adhering  together.  It  is  a  somewhat  hard 
metal,  lesisting  the  action  of  the  file.  When  pure,  it  may 
be  hammered  into  leaves  at  a  low  temperature,  but  the  im¬ 
pure  zinc  of  commerce  is  not  malleable  at  a  low  tempera¬ 
ture,  nor  until  heated  somewhat  above  210°,  when  it  be¬ 
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comes,  to  a  certain  extent,  malleable  and  ductile  ,  but  at 
400°  again,  it  becomes  so  brittle,  that  it  may  be  pulverized. 
This  property  of  becoming  malleable  and  ductile  at  a  cei  tain 
temperature  is  taken  advantage  of  in  the  arts  to  form  it 
into  plates,  and  draw  it  into  wires  ;  and  by  a  process  of  an¬ 
nealing  and  working  which  it  then  undergoes,  it  can  be 
made  to  retain  the  malleability  which  it  had  acquired. 
Pure  zinc,  according  to  Mr  Daniel,  fuses  at  a  temperature 
of  773°  F.  When  fused  in  open  vessels,  it  combines  with 
the  oxygen  of  the  air,  and  is  converted  into  white  oxide  of 
zinc,  popularly  termed  flowers  of  zinc.  When  the  metal 
is  raised  to  a  very  strong  heat,  it  takes  fire,  burning  with 
a  brilliant  white  flame,  like  phosphorus,  and  throwing  off 
a  vast  quantity  of  light  white  flakes  of  the  oxide.  When 
heated  to  whiteness  in  close  vessels,  it  volatilizes  without 
change.  Its  density,  when  cast,  is  6.862,  and  it  increases  by 
forging  to  7.21.  Its  combining  weight  is  reckoned  32.31. 

Zinc  is  somewhat  abundantly  diffused  in  the  mineral  king¬ 
dom,  and  largely  in  combination  with  sulphur.  Its  ores  are 
usually  found  associated  with  those  of  lead.  It  possesses 
various  characters  in  common  with  bismuth,  and  other  mem¬ 
bers  of  the  sulphur  group,  but  indicates  an  approach  to 
iron,  and  the  members  more  immediately  connected  with 
silicium  and  aluminum. 
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XXXV.  CADMIUM. 


Cadmium  is  a  metal  found  associated  in  small  proportion 
with  zinc,  and  partakes  of  its  properties.  It  was  discovered 
in  the  year  1817  by  Professor  Stromeyer  of  Gottingen.  He 
detected  it  m  an  oxide  of  zinc,  prepared  for  medical  use  ; 
and  it.  has  since  been  found  in  several  of  the  ores  of  zinc. 
It  is  a  brilliant  metal,  of  a  bluish-white  colour,  resembling 
zinc.  It  is  very  malleable  and  ductile,  so  that  it  may  be 
hammered  and  drawn  into  wires.  It  is  flexible,  and  yields 
to  the  knife  ;  and,  like  zinc,  tin,  and  lead,  it  stains  paper  or 
t  e  skm.  It  fuses  before  it  arrives  at  a  red  heat,  and,  in 
close  vessels,  volatilizes,  condensing  again  in  drops,  and  crys¬ 
tallizing  as  it  cools.  It  is  little  changed  by  exposure  to 
the  atmosphere.  When  heated  in  the  open  air,  it  takes 
fire,  like  zinc,  emitting  fumes  of  an  orange-coloured  oxide. 
Its  density  after  fusion  is  8.064,  and  after  being  hammered, 
8.694.  Its  combining  weight  is  calculated  to  be  55.83. 
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XXXVI.  TIN. 

Tin,  although  far  less  abundant  than  copper,  was,  like  it, 
known  to  the  earliest  nations.  It  occurs  in  two  mineral  spe¬ 
cies,  the  peroxide,  called  tin-stone  or  tin-ore,  and  the  cu¬ 
preous  sulphuret,  called  tin  pyrites,  or  hell-metal  ore.  It 
is  from  the  first  of  these  ores  that  nearly  all  the  tin  of  com¬ 
merce  is  derived.  It  occurs  in  veins,  or  disseminated  in 
granite  and  the  primary  rocks.  It  is  found  in  Cornwall, 
Saxony,  Bohemia,  Hungary,  in  the  peninsula  of  Malacca, 
and  in  some  parts  of  the  Eastern  Archipelago,  and  especially 
in  the  island  of  Banca.  In  Cornwall,  this  ore  occurs  eithei 
in  veins,  or  as  rounded  grains  amongst  beds  of  sand  and 
rolled  materials  deposited  by  the  action  of  water  ,  the  foi- 
mer  yielding  the  block  tin  of  commerce,  which  is  the  least 
pure,  the  latter,  the  grain  tin,  which  is  the  most  free  from 
mixture.  The  smelting  of  tin  is,  like  that  of  coppei,  a 
tedious  process  of  art.  The  ore  is  first  ground  and  washed, 
by  which  the  heavier  tin  is  separated  from  several  of  the 
lighter  ores  with  which  it  is  mixed.  It  is  then  exposed  to 
the  heat  of  a  reverberatory  furnace,  when  the  sulphur  and 
arsenic  are  expelled  from  the  substances  with  which  they 
were  combined,  by  which  means  these  substances  are  ren¬ 
dered  so  much  lighter,  that  they  may  be  separated  by  wash¬ 
ing.  The  ore  is  then  fused  with  lime  and  coal,  by  which 
process  the  lime  combines  with  the  earthy  matters,  and  the 
coal  reduces  the  oxide  of  tin  to  the  metallic  state. 

Tin  possesses  considerable  lustre,  and  a  colour  approach¬ 
ing  to  that  of  silver,  but  on  exposure  to  the  air,  its  surface 
becomes  tarnished.  It  has  an  unpleasant  taste,  and,  like 
copper,  emits  a  peculiar  odour  when  rubbed.  It  is  soft  and 
flexible,  and,  when  bent  backwards  and  forwards,  produces 


TIN. 


109 


a  crackling  sound.  It  has  considerable  malleability,  and  is 
beaten  for  certain  purposes  of  the  arts,  into  leaves,  termed 
tin-foil,  of  about  x^th  part  of  an  inch  thick.  When  at  the 
temperature  of  boiling  water,  it  can  be  drawn  into  wires  of 
considerable  fineness.  But  it  is  inferior  in  tenacity  to  other 
of  the  more  perfect  metals,  a  wire  of  .078  of  an  inch  in  dia¬ 
meter  being  capable  of  supporting  a  weight  of  only  34.7  lb. 
It  fuses  at  a  temperature  of  442°  F. ;  but  a  violent  heat 
is  required  to  raise  it  in  vapour.  When  heated  to  white¬ 
ness  it  takes  fire,  and  burns  with  a  white  flame,  very  much 
like  antimony,  being  converted  into  the  peroxide,  which 
may  be  obtained  in  octahedral  crystals.  Tin,  though  soon 
tarnished  when  exposed  to  the  air,  does  not  undergo  much 
further  change,  and  is  not  even  sensibly  affected  by  being 
kept  under  water,  and  hence  its  use  in  culinary  vessels,  as 
a  coating  to  the  more  oxidable  metals.  But  when  water  is 
passed  over  a  surface  of  red-hot  tin,  the  water  is  decom¬ 
posed  and  the  tin  oxidated,  and  when  tin  is  exposed  for  a 
time  to  the  atmosphere  in  a  state  of  fusion,  it  is  partially 
oxidated,  and  assumes  irridescent  colours  in  the  manner  of 
copper.  The  density  of  pure  tin  is  about  7.3.  Its  combin¬ 
ing  weight  is  calculated  at  58.92.  It  enters  into  combina¬ 
tion  with  oxygen,  chlorine,  sulphur,  arsenic,  and  other 
bodies,  and  with  other  metals  forms  alloys,  some  of  which 
are  of  important  uses  in  the  arts.  Its  bisulphuret  is  a  beau¬ 
tiful  substance  so  like  gold  in  appearance,  that  the  alchy- 
mists  termed  it  aurum  musivum  or  mosaic  gold,  and,  as  if 
further  to  delude  them,  it  was  found  to  possess,  likewise, 
the  property  of  being  soluble  in  no  acid  except  aqua  regia. 
Peroxide  of  tin  resembles  alumina,  in  forming  insoluble 
compounds  with  colouring  matters,  so  that  it  is  employed  in 
dyeing  as  a  base  or  mordant. 
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XXXVII.  LEAD. 

Lead  is  one  of  the  most  plentiful  of  the  malleable  metals, 
and  the  knowledge  of  it,  like  that  of  gold,  silver,  copper, 
tin,  seems  to  have  been  possessed  in  the  infancy  of  human 
societies.  Of  the  ores  of  lead  mineralogists  enumerate  up¬ 
wards  of  30  species,  many  of  them  very  beautiful.  They 
are  found  usually  in  veins,  in  the  primary,  transition,  and 
lower  secondary  formations.  Of  these  ores,  greatly  the 
most  abundant,  and  that  from  which  nearly  all  the  lead  of 
commerce  is  derived,  is  the  sulphuret,  termed  likewise 
galena  or  lead  glance.  From  this  ore  the  lead  is  obtained  by 
the  action  of  heat  in  a  reverberatory  furnace.  The  sulphur 
and  the  metal  are  both  oxidated,  and  the  sulphur  is  driven 
off  as  sulphuric  and  sulphurous  acids.  A  portion  of  the  sul¬ 
phuric  acid  combines  with  the  oxidated  metal,  and  forms 
sulphate  of  lead,  to  reduce  which  quick-lime  and  coal  are 
added  during  the  process,  the  lime  combining  with  the  sul¬ 
phuric  acid,  and  the  carbon  of  the  coal  abstracting  the  oxy¬ 
gen  of  the  oxide.  The  metal  being  reduced,  is  collected  in 
vessels,  from  which  it  is  cast  into  ingots,  which  form  the 
subject  of  commerce. 

Lead  possesses  a  bluish-gray  colour,  and  when  newly  melt¬ 
ed  or  recently  cut,  is  very  bright,  but  it  becomes  tarnished 
by  exposure  to  the  air,  its  surface  becoming  oxidated,  and 
the  oxide  combining  with  the  carbonic  acid  of  the  atmo¬ 
sphere.  Lead  has  little  taste,  but  emits  a  peculiar  smell  on 
being  rubbed,  and  it  stains  paper  and  the  skin  of  a  bluish 
colour.  It  is  a  soft  metal,  very  flexible  and  inelastic.  It  is 
exceedingly  malleable,  and  may  be  reduced  to  thin  plates, 
by  pressure  or  the  hammer.  It  may  be  drawn  into  wires, 
but  its  ductility  is  not  very  great,  and  its  tenacity  is  less 
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than  that  of  any  other  of  the  ductile  metals,  a  wire  of  ^  of  an 
inch  diameter  being  capable  of  supporting  only  18.4  lb.  It 
fuses  at  the  temperature  of  612°,  contracts  on  becoming 
solid,  and  if  slowly  cooled,  forms  octahedral  crystals.  It 
may  be  heated  to  whiteness  in  close  vessels,  without  sub¬ 
liming.  When  exposed  to  the  air,  it  becomes  quickly  tar¬ 
nished  by  the  oxidation  of  the  metal,  but  the  oxide  further 
combines  with  carbonic  acid,  which  preserves  the  metal  for 
a  long  time  from  the  further  action  of  the  air.  At  a  high 
temperature,  however,  lead  absorbs  oxygen  quickly,  and 
when  kept  in  a  state  of  fusion,  its  surface  is  covered  with  a 
gray  film  ;  and  when  strongly  heated,  it  is  dissipated  entirely 
in  fumes  of  the  protoxide.  Water  has,  of  itself,  no  action 
upon  lead,  but  its  presence  facilitates  the  action  of  air  in 
corroding  it.  In  distilled  water,  and  in  close  vessels,  lead 
suffers  no  sensible  change  ;  but  in  open  vessels  it  is  oxidated, 
yielding  minute  white  crystalline  scales  of  carbonate  of  the 
protoxide. 

The  specific  gravity  of  lead  is  11.357,  and  it  is  not  in¬ 
creased  by  hammering.  Its  combining  weight  is  calculated 
at  103.73.  It  combines  with  oxygen,  chlorine,  sulphur,  and 
other  bodies,  and  it  forms  alloys  with  the  other  metals. 

This  metal  although  found  only  in  the  older  rock  forma¬ 
tions,  yet  in  its  abundance,  exhibits  an  approach  to  iron 
and  the  metallic  bases  generally  diffused.  It  is  found  chiefly 
as  a  sulphuret,  but  largely  too  as  a  carbonate,  and  its  salts 
form  numerous  mineral  species. 
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XXXVIII.  COBALT. 


Cobalt  is  contained  in  minute  quantity  in  aerolites.  The 
ores  of  the  metal  are  few,  and,  like  nickel,  it  occurs  for  the 
most  part  associated  with  arsenic  and  sulphur.  The  ore 
from  which  it  is  usually  procured  is  a  native  arseniet.  It 
may  be  extracted  from  this  substance  by  a  process  analo¬ 
gous  to  that  employed  in  the  case  of  nickel.  It  may  be  pro¬ 
cured  in  the  state  of  powder,  and  by  the  action  of  intense 
heat  be  fused  into  a  mass.  It  is  of  a  reddish-gray  colour, 
and  feeble  metallic  lustre.  It  is  a  brittle  metal,  and  fuses 
at  a  heat  somewhat  lower  than  iron.  It  has  hitherto  been 
supposed  to  be  magnetic  ;  but  M.  Faraday  states  that,  when 
perfectly  pure,  it  is  not  susceptible  of  this  property.  It  is 
little,  if  any  thing,  affected  by  exposure  to  the  air ;  but  it 
attracts  oxygen  when  heated  in  open  vessels,  and  at  a  red 
heat  decomposes  water.  It  has  the  property  of  communi¬ 
cating  a  colour,  generally  blue,  to  many  of  its  compounds. 
Its  density  is  about  7.834,  and  its  combining  weight  is  cal¬ 
culated  at  29.57.  This  metal  is  manifestly  allied,  in  its  es¬ 
sential  characters,  to  nickel  and  iron. 
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Tins  metal  is  found  in  a  few  minerals,  and  chiefly  in  com¬ 
bination  with  sulphur  and  arsenic.  It  is  derived,  too,  from 
those  remarkable  metallic  substances  termed  aerolites,  which, 
from  time  to  time,  have  fallen  from  the  atmosphere,  some¬ 
times  in  masses  of  prodigious  weight,  and  which  have  at  all 
times  excited,  by  their  appearance,  the  wonder  of  mankind. 
A  remarkable  circumstance  attending  these  bodies  is,  their 
uniform  composition,  denoting  a  common  origin  in  them  all. 
Many  hypotheses  have  been  formed  to  account  for  their 
origin  and  fall.  The  most  probable  is,  that  they  are  the 
result  of  some  vast  electric  action,  by  which  the  elements 
of  bodies  already  existing  in  the  atmosphere,  have  formed 
new  combinations.  If  metallic  matter  is  formed  of  simpler 
elements,  as  is  now  contended  for,  we  may  conceive,  per¬ 
haps,  how  a  power  as  intense  as  the  electricity  of  the  clouds 
has  been  able  to  fix  these  elements  in  new  combinations. 

.  tlie  aer°lAes,  it  is  believed,  contain  nickel  along  with 
iron. 

.  Nlckel  1S  generally  obtained  from  the  native  arseniet  of 
nickel,  which  is  found  both  in  the  primary  and  older  secon¬ 
dary  rock  formations,  and  from  an  arseniet  obtained  in  the 
smelting  of  cobalt.  The  process  is  very  complicated  ;  but 
t  le  result  is,  that  an  oxalate  of  nickel  is  obtained,  and  that 
from  this  salt  the  oxalic  acid  is  expelled  by  heat  and  the 
action  of  carbon,  and  the  metal  obtained  in  the  form  of  an 
ash-coloured  powder,  which  fuses  at  a  high  temperature 

.  Nickel  »  a  fine  white  colour,  intermediate  between 
silver  and  tin.  It  is  somewhat  softer  than  iron.  It  is  mal¬ 
leable,  and  may  be  hammered  into  plates,  not  exceeding 
,ib  part  of  an  inch  thick.  It  is  ductile,  and  may  be  drawn 
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into  wires.  It  is  attracted  by  the  magnet,  and,  like  iron,  may 
be  rendered  magnetic.  It  is  very  infusible.  It  is  not  altered 
by  exposure  to  the  air  at  common  temperatures,  but  at  a  red 
heat  it  is  oxidated,  and  at  the  same  temperature  decomposes 
water.  Its  specific  gravity,  after  being  melted,  is  8.279,  and 
after  being  hammered,  8.932.  Its  combining  weight  lias 
been  computed  to  be  29.62.  All  the  characters  of  this  metal 
connect  it  with  iron  ;  and  if  our  hypothesis  be  correct,  it 
only  differs  from  iron  in  containing  2  more  equivalents  of 
hydrogen  ;  and  this,  it  will  be  admitted,  is  a  more  probable 
hypothesis  than  that  it  is  a  distinct  substance,  formed  of 
simple  particles  proper  to  itself. 
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XL.  IRON. 

lion  is,  of  all  the  metals  which  have  been  referred  to,  that 
which  is  the  most  generally  diffused,  and  the  most  import¬ 
ant  in  its  uses.  It  forms  a  part  of  all  the  great  masses  of 
rocks  and  mineral  deposites  which  form  the  solid  crust  of  the 
globe.  It  is  found  in  the  water  of  rivers  and  the  ocean,  and 
it  forms  a  constituent  part  of  most  animal  and  vegetable 
substances.  It  is  found  in  small  quantities  native,  but  it  is 
almost  always  in  combination  with  oxygen,  sulphur,  silica, 
and  other  substances.  The  minerals  which  yield  it  in  such 
quantity  as  to  be  termed  ores  of  iron,  are  very  numerous  ; 
but  those  from  which  the  greater  part  of  the  iron  consumed 
in  the  arts  is  derived,  are  two, — black  magnetic  iron  ore,  and 
clay  iron-stone.  The  former,  a  combination  of  the  pro¬ 
toxide  and  peroxide  of  iron,  occurs  in  beds,  or  single  crystals, 
m  the  oldest  rock  formations,  and  it  is  from  it  that  the 
Purest  of  the  iron  of  commerce  is  derived.  Clay  ironstone  is 
essentially  a  carbonate  of  the  protoxide,  and  occurs  in  veins 
m  the  primary  formations,  frequently  along  with  ores  of 
lead  and  copper,  and  very  largely  in  the  deposites  of  the 
coal  formation,  from  which  source  the  greater  part  of  the 
immense  consumption  of  Europe  is  supplied.  The  general 
method  of  smelting  iron  consists  in  exposing  the  ore  to  a 
powerful  heat,  along  with  carbonaceous  matter  and  lime, 
in  a  large  furnace.  The  carbonaceous  matter,  usually  coke 
or  charcoal,  but  now  frequently  common  coal,  acts  by  de- 
pi  i\ing  the  iron,  brought  to  the  state  of  an  oxide  by  heat, 
of  its  oxygen,  while  the  lime  combines  with  the  foreign 
matters  of  the  ore,  and  forms  a  fusible  compound  termed 
slag.  The  pai  tides  of  melted  metal  descend  by  their  greater 
density  to  the  bottom  of  the  furnace,  while  the  slag  floats 
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upon  the  surface,  and  protects  the  metal  from  the  action  of 
the  air.  The  slag  runs  out  at  an  aperture  in  the  side  ot 
the  furnace,  while  the  melted  iron  is  let  off  by  a  hole  at 
the  bottom,  plugged  with  sand  or  clay.  Fresh  matter  being 
constantly  supplied  to  the  furnace,  the  process  of  fusion  goes 
on  continually.  The  liquid  metal  is  received  from  the  fur¬ 
nace  in  moulds  of  sand,  and  then  forms  the  cast-iron  of  com¬ 
merce.  The  substance  thus  obtained  is  an  impure  iron,  but 
largely  used,  and  of  vast  importance  in  the  arts.  It  con¬ 
tains  carbon,  oxygen,  and  other  foreign  bodies.  It  is  to  free 
it  from  these,  and  convert  it  into  what  is  termed  soft  or 
malleable  iron,  that  it  is  subjected  to  a  further  process  of 
purification.  This  consists  in  again  fusing  it  in  a  peculiar 
kind  of  furnace,  in  contact  with  carbonaceous  matter.  The 
melted  metal  thus  obtained,  technically  termed  fine  metal, 
is  broken  in  pieces,  and  placed  in  a  reverberatory  furnace, 
where  it  undergoes  the  operation  of  puddling,  which  con¬ 
sists  in  stirring  the  metal,  while  semi-liquid,  in  the  furnace, 
by  which  means  a  large  disengagement  takes  place  of  car¬ 
bonic  oxide,  which  burns  with  a  blue  flame.  The  metal  is 
next  formed  into  balls  and  forged,  which  may  be  done  by 
heavy  hammers,  but  which,  on  the  great  scale,  is  effected  by 
passing  the  metal,  while  hot,  through  a  series  of  grooved 
rollers.  The  metal  in  this  state,  is  termed  mill-bar  iron. 
It  is  then  subjected  to  a  further  operation,  which  consists 
in  welding  pieces  of  it  together,  from  which  it  derives  its 
properties  of  more  perfect  malleability,  ductility,  and  co¬ 
hesiveness.  It  is  now  the  bar-iron  of  commerce. 

The  iron  thus  procured  contains  a  small  proportion  of 
carbon,  and  traces  of  silica  and  other  substances.  It  may 
be  rendered  pure  by  bringing  it  to  the  state  of  an  oxide, 
and  then  exposing  it,  at  a  red  heat,  in  a  tube  of  porcelain, 
to  a  current  of  hydrogen  gas,  by  which  means  the  oxide  is 
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reduced,  and  the  metal  obtained  in  the  form  of  a  porous 
spongy  mass. 

lion  in  its  compact  state,  has  a  peculiar  gray  colour,  known 
familiarly  as  iron-gray.  It  possesses  the  metallic  lustre,  and 
when  polished  exhibits  considerable  brilliancy.  It  has  a 
styptic  taste,  and  when  rubbed  emits  a  peculiar  odour.  It 
is  malleable  at  every  temperature,  and  its  malleability  in¬ 
creases  with  the  degree  of  heat,  and  when  heated  to  red¬ 
ness,  it  is  so  soft  and  pliable  that  it  may  be  hammered  into 
any  form.  It  then,  too,  acquires  the  property  of  becoming 
so  soft,  without  being  fused,  that  it  can  be  welded,  that  is, 
pieces  of  it  may  be  united  together  by  hammering  or  pres- 
suie.  This  property,  so  valuable  in  the  arts,  is  possessed 
likewise,  it  has  been  seen,  by  platinum,  though  in  a  far  in- 
feiior  degree.  Iron,  although  malleable,  is  less  so  than  gold, 
silvei,  or  copper.  It  is  very  ductile,  and  may  be  drawn 
into  wires  as  fine  as  a  human  hair.  In  tenacity  it  exceeds 
all  the  metals,  a  wire  of  .078  of  an  inch  supporting  a  weight 
of  449.34  lb.  avoirdupois. 

Puie  iion  is  exceedingly  infusible.  The  melting  point 
of  cast-iron  is  3479°  F.,  but  that  of  malleable  iron  is  much 
higher.  In  cooling  it  expands,  and  like  the  other  metals 
tends  to  crystallize.  When  kept  for  a  time  at  a  red  heat, 
it  often  forms  large  cubical  or  octahedral  crystals,  and  the 
metal  becomes  brittle.  When  exposed  to  the  air  in  which 
any  moisture  exists,  its  surface  is  speedily  covered  with  the 
brown  powder  known  by  the  name  of  rust ;  but  if  the  air 
be  perfectly  dry,  the  iron  is  not  acted  upon.  It  is  believed 
that  in  the  rusting  of  iron,  carbonate  of  the  protoxide  is 
first  formed,  and  that  this  gradually  passes  into  hydrate  of 
the  peroxide,  the  carbonic  acid  being  evolved.  It  is  re¬ 
markable  that  this  rust  of  iron  always  contains  ammonia, 
and  that  the  native  oxides  likewise  contain  the  same  sub¬ 
stance.  When  iron  is  heated  to  redness  in  the  open  air,  it 
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is  oxidated,  and  when  inflamed  in  oxygen  gas,  it  burns  with 
brilliant  sparks,  the  oxide  in  either  case  being  fused.  It 
the  vapour  of  water  be  passed  over  it  in  a  heated  state,  it 
decomposes  the  water  by  the  abstraction  of  its  oxygen. 
When  in  the  state  of  minute  division  in  which  it  is  obtain¬ 
ed  by  reduction  of  its  oxide,  it  takes  fire  spontaneously  in 
the  open  air. 

Iron  possesses  the  property  of  being  attracted  by  the  mag¬ 
net,  and  it  then  becomes  itself  magnetic  by  induction,  but 
if  perfectly  pure  it  instantly  loses  its  polarity  when  the  mag¬ 
net  is  withdrawn.  If  it  contains  carbon,  as  in  the  case  of 
steel  or  cast  iron,  it  may  become  permanently  magnetic. 
This  property  may  be  communicated  by  friction  with  the 
native  loadstone,  or  with  a  bar  of  steel  already  magnetic, 
or  by  percussion,  or  by  the  electric  shock,  nay,  by  the  body 
being  placed  for  a  sufficient  time  in  a  given  position  inclining 
to  the  horizon.  The  magnetic  property  is  possessed  by  the 
black  oxide,  popularly  termed  the  loadstone,  and  by  the 
corresponding  sulphuret. 

The  specific  gravity  of  iron  is  about  7.7,  with  a  slight 
variation  dependent  on  the  degree  in  which  it  has  been 
hammered  or  compressed.  By  fusion  its  density  is  increased 
to  7.8439.  Its  combining  weight  is  usually  calculated  at 

27.18. 

Iron  forms  with  oxygen  two  well  known  compounds  : — 

1.  Protoxide,  or  ferrous  oxide,  .  Fe  O. 

2.  Peroxide,  or  sesqui- oxide,  .  .  Fe2  O3. 

Tlie  black  oxide  or  magnetic  iron  ore  being 

a  compound  of  these  two,  namely,  Fe  0  +  Fe2  O3. 

The  peroxide  and  its  compounds  are  isomorphous  with 
alumina  and  its  compounds,  and  in  other  respects  are  very 
analogous  to  the  aluminous  compounds  in  their  properties. 

Iron,  with  respect  to  its  abundance  in  the  mineral  king- 
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dom,  approaches  nearer  than  any  of  the  metals  which  have 
been  mentioned,  to  those  metallic  bases  which  form  the 
gieat  mass  of  the  crust  of  the  earth,  silicium  and  aluminum. 
It  is  found  everywhere  associated  with  them,  sometimes 
in  v  eins  traversing  the  older  rocks,  sometimes  in  beds  mani¬ 
festly  deposited  from  a  fluid  medium,  sometimes  in  nodules 
imbedded  in  deposites  of  clay,  and  sometimes  in  combina¬ 
tion  with  other  substances,  in  the  crystalline  state.  It  has 
been  everywhere  mingled  with  the  matter  of  the  soil,  from 
tv  hich  it  is  taken  up  by  the  roots  of  growing  plants ;  and 
sometimes  it  is  deposited  by  them  again,  as  in  bog-iron  ore, 

in  Slich  quantity  as  to  form  considerable  deposites,  even  in 
the  newest  formations. 
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SIMPLE  BODIES  OF  CHEMISTRY. 


XLI.  MANGANESE. 

This  metal  is  widely  diffused,  existing  in  the  organic  as 
well  as  in  the  mineral  kingdom,  and  the  ores  which  con¬ 
tain  it  are  numerous.  Some  of  these  are  binary  combina¬ 
tions  of  manganese  with  another  body,  as  oxygen,  and  some 
of  them  are  salts,  having  an  oxide  of  manganese  for  the 
base,  or  part  of  the  base.  Of  these  ores,  the  most  abun¬ 
dant  are  the  oxides.  From  these  the  metal  may  be  ob¬ 
tained  by  forming  the  oxide  into  a  paste  with  oil,  and  ex¬ 
posing  it  to  a  violent  heat  in  a  covered  crucible  lined  with 
charcoal,  by  which  process  several  times  repeated,  the  me¬ 
tal  is  de-oxidated,  and  remains  in  the  crucible  in  the  form 
of  a  semi-globular  mass. 

Manganese  thus  obtained,  has  a  grayisli-white  colour 
somewhat  lighter  than  cast  iron.  It  is  hard  and  brittle,  so 
that  it  may  be  reduced  to  powder.  It  is  doubted  whether 
it  is  attracted  by  the  magnet,  when  perfectly  pure.  It  re¬ 
quires  for  its  fusion  the  most  intense  heat  of  a  wind  furnace. 
It  soon  oxidates  on  exposure  to  the  air,  and  when  heated 
to  redness  attracts  oxygen  rapidly,  the  result  being  the 
protoxide.  At  common  temperatures  it  decomposes  watei, 
though  slowly,  but  at  a  red  heat  the  decomposition  is  very 
rapid. 

The  specific  gravity  of  this  metal  has  been  variously  com¬ 
puted  from  7.05  to  8.013.  Its  combining  weight  has  been 
computed  to  be  27*72  or  nearly  that  of  iron.  It  lias  some 
of  the  characters  of  zinc,  but  all  its  essential  properties  con¬ 
nect  it  with  iron. 

Iron  and  the  allied  substances  exhibit  an  increasing  affi¬ 
nity  for  oxygen  over  the  bodies  that  precede  them.  They 
pass  into  the  next  group  to  be  considered,  of  which  the 
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type  is  aluminum,  and  which  latter  metals  have  a  yet  in¬ 
creased  affinity  for  oxygen,  and  are  never  found  in  nature 
pure.  They  form  the  basis  of  the  earths,  commonly  so 
called,  and  pass  into  the  bases  of  the  alkaline  earths,  and 
these  again  into  the  bases  of  the  true  alkalies,  which  have 
tht  greatest  affinity  of  all  known  bodies  for  oxygen. 

None  of  these  groups  of  bodies,  however,  is  unconnected 
with  another,  nor  can  they  be  represented  in  a  strictly 
linear  series.  They  rather  form  reticulations  than  chains. 
Tracing,  indeed,  a  series  of  bodies  from  nitrogen  downwards, 
we  find  the  connexion  wonderfully  perfect ;  but  this  series 
is  not  insulated  but  passes  into  others.  We  have  the 
sulphur  group  passing  gradually  by  antimony  and  bismuth 
into  copper  and  the  more  perfect  metals,  and  in  like  man¬ 
ner  the  siliceous  group  becomes  connected  with  iron,  but 
still  more  directly  with  aluminum,  and  the  bodies  we  are 
non  to  review.  These  latter  bodies  arranged  nearly  in  the 
order  of  their  affinities  for  oxygen,  are _ 


1.  Cerium  and  Lantanum. 

2.  Thorium. 

3.  Zirconium. 


4.  Aluminum. 

5.  Yttrium. 

6.  Glucinum. 


Aluminum  is  the  type  ol  the  series,  and  the  others,  all 
rare  bodies  in  nature,  are  chiefly  interesting  as  shewing 
the  passing  of  aluminum,  on  the  one  hand,  into  the  iron 
series  of  bodies,  and  on  the  other  into  the  bases  of  the  al¬ 
kaline  earths. 
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SIMPLE  BODIES  OF  CHEMISTRY. 


XLII.  CERIUM  AND  LANTANUM. 

Cerium  was  first  obtained  from  a  mineral,  found  in  the 
copper  mine  of  Bastnas,  in  Sweden,  and  it  has  been  found  in 
one  or  two  other  rare  minerals,  derived  from  the  north  of 
Europe  and  Greenland.  It  exists  in  the  natural  state  only 
as  an  oxide,  always  associated  with  silica,  alumina,  yttria, 
and  other  substances.  It  may  be  obtained  by  forming  a  chlo¬ 
ride  of  cerium  by  the  same  process  as  is  employed  in  the 
cases  of  aluminum,  glucinum,  and  yttrium,  to  be  referred  to. 
It  is  procured  in  the  form  of  a  gray  powder,  having  a  metal¬ 
lic  lustre.  Its  properties  may  be  said  to  be  unknown.  Its 
oxide  resembles  the  earths,  commonly  so  called,  and  it  is 
manifestly  in  the  same  class  of  natural  bodies. 

Lantanum  has  been  recently  added  to  the  list  of  simple 
bodies,  by  the  discovery  of  its  oxide  in  the  same  mineral 
from  which  oxide  of  cerium  was  first  procured.  Nay,  it  ap¬ 
pears  that  this  new  oxide  forms  two-fifths  of  what  was  re¬ 
garded  as  oxide  of  cerium,  so  that  the  cerium,  hitherto  de¬ 
scribed  as  a  simple  body,  is  really  a  compound  one.  The 
new  element,  it  is  said,  alters  little  the  properties  of  cerium, 
and  therefore  the  former  has  been  termed  lantanum,  as  being 
concealed,  as  it  were,  in  cerium.  It  is  described  by  M. 
Mossander,  its  discoverer,  as  being  a  gray  powder  with  me¬ 
tallic  lustre,  which  undergoes  oxidation  in  water,  and  is 
changed  into  a  white  hydrate. 

Now,  nothing  can  be  less  satisfactor}^  than  these  experi¬ 
ments,  in  so  far  as  they  are  designed  to  establish  the  exist¬ 
ence  of  a  new  body,  to  be  termed  simple.  The  intimate 
alliance  of  this  rare  substance  with  another  from  which  it 
can  scarcely  be  distinguished,  should  refer  us  to  some  com¬ 
mon  origin  for  both,  rather  than  to  a  distinct  origin  for  each. 
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In  truth,  the  two  bodies  are  so  similar,  that  it  is  almost  ridi¬ 
culous  to  regard  them  as  essentially  and  radically  distinct 
from  one  another.  We  frequently  find  a  much  greater 
difference  in  the  characters  of  the  same  body  under  diffe- 
i  ent  cii  cumstances,  than  in  those  which  we  thus  assume  to  be 
distinct.  Shall  it  be  said,  that  having  been  unable  to  decom¬ 
pose  the  metallic  base  of  lantanum,  we  are  bound  to  hold  it 
to  be  simple  ?  Such  a  conclusion  should  of  itself  shew  that 
our  rule  is  unsound.  The  negative  evidence  tl^it  a  sub¬ 
stance  so  rare  as  lantanum  has  not  been  decomposed,  and 
is  theiefore  to  be  regarded  as  simple,  cannot,  it  is  manifest, 
be  weighed  against  the  evidence  supplied  by  analogy,  that 
such  a  substance  must  be  derivative  and  not  simple.  The 
discovery  of  twenty  such  substances,  instead  of  shewing  that 
twenty  new  elements  should  be  added  to  the  list  of  simple 
bodies,  should  lead  us  to  the  conclusion,  that  the  reasoning 
had  been  illogical  by  which  so  many  had  been  already 
admitted. 
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XLIII.  THORIUM. 

This  metal  is  derived  from  an  earth,  thorina,  found  in  an 
extremely  scarce  mineral  obtained  from  N  or  way .  The 
earth  itself  is  an  oxide  of  the  metal,  and  the  metallic  base 
is  derived  from  it  by  a  process  similar  to  that  pursued  in  the 
case  of  aluminum.  The  metal  is  obtained  as  a  dark  heavy 
powder,  which,  when  pressed  by  the  burnisher,  exhibits  a 
metallic  lustre,  and  an  iron-gray  colour.  It  is  not  oxidated 
by  water,  whether  hot  or  cold.  When  gently  heated  in  the 
open  air  it  takes  tire,  and  burns  with  amazing  brilliancy. 
The  result  is  thorina,  which  is  as  white  as  snow,  and  exhi¬ 
bits  no  trace  of  fusion.  The  combining  weight  of  thorium 
has  been  calculated  at  59.83. 


XLIY.  ZIRCONIUM. 

Zirconium,  so  named  from  zircon,  a  precious  stone,  derived 
from  the  Island  of  Ceylon,  is  found  in  the  zircon,  the  hya¬ 
cinth,  and  three  other  rare  minerals.  It  may  be  procured 
by  heating  potassium  with  the  double  fluoride  of  potassium 
and  zirconium.  It  is  obtained  as  a  black  powder,  which 
may  be  compressed  by  the  burnisher  into  thin  shining  scales 
of  a  dark  gray  colour  and  faint  metallic  lustre.  Its  particles 
adhere  so  slightly,  that  it  is  incapable  of  conducting  electri¬ 
city.  It  is  not  oxidated  by  being  boiled  in  water.  When 
heated  in  the  open  air,  it  takes  fire  at  a  moderate  tempera¬ 
ture,  burns  brightly,  and  is  converted  into  zirconia.  Its 
combining  weight  is  calculated  at  33.67. 
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XLV.  ALUMINUM. 

Aluminum  is  derived  from  the  oxide,  alumina,  a  substance, 
which,  along  with  silica,  forms  the  greater  part  of  the  solid 
crust  of  the  globe.  The  oxide  forms  the  basis  of  nume¬ 
rous  mineral  species,  generally  as  a  base,  but  often  as  an 
acid,  and  some  of  them  amongst  the  most  beautiful  of  the 
mineral  kingdom,  and  only  surpassed,  if  they  can  be  said  to 
be  surpassed,  by  the  diamond.  The  metal  itself  may  be  ob¬ 
tained  by  heating  the  oxide  to  whiteness,  and  passing  through 
it  the  vapour  of  potassium.  But  it  is  best  obtained  by  the 
action  of  potassium  on  chloride  of  aluminum.  Minute  pieces 
of  potassium  are  put  into  a  crucible  of  porcelain  or  platinum, 
over  which  is  placed  a  quantity  of  anhydrous  chloride  of 
aluminum,  containing  as  nearly  as  possible,  the  quantity  of 
chlorine  equivalent  to  the  potassium  employed.  The  lid  of 
the  crucible  being  fixed  down,  the  crucible  is  heated.  At 
the  moment  of  decomposition,  an  intense  heat  is  evolved, 
which  raises  the  crucible  to  redness  in  an  instant.  The  mat¬ 
ter  within  the  crucible  is  fused,  and  when  quite  cold,  it  is 
plunged  into  a  vessel  of  water.  The  potassa  is  dissolved, 
and  there  is  found  in  the  solution,  a  gray  powder,  which, 
when  closely  viewed  in  the  sunshine,  is  seen  to  consist  of 
minute  metallic  scales.  These  being  washed  in  cold  water 
are  filtered  and  dried.  When  this  scaly  powder  is  pressed  by 
a  burnisher  on  a  hard  substance,  as  steel,  or  in  an  agate  mor¬ 
tar,  the  particles  are  partially  welded  together,  and  form  a 
substance  which  strongly  reflects  the  light.  Aluminum 
thus  obtained,  resembles  the  noble  metal  platinum  under  the 
same  circumstances.  In  this  state  of  minute  division,  it  is 
a  non-conductor  of  electricity,  but  becomes  a  conductor  when 
fused. 
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Aluminum  requires  an  intense  lieat  to  melt  it.  It  is  not 
liquefied  at  the  temperature  at  which  cast-iron  melts,  and 
its  precise  point  of  fusion  is  unknown.  When  heated  in 
the  open  air  it  takes  fire,  and  burns  with  a  brilliant  light, 
producing  alumina;  and  if  the  combustion  be  in  oxygen 
gas,  the  flame  is  splendid,  and  the  heat  excited  so  intense 
as  partially  to  fuse  the  earth,  although  one  of  the  least  fusi¬ 
ble  substances  in  nature.  When  heated  in  chlorine  gas,  it 
in  like  manner  takes  fire,  and  is  converted  into  chloride  of 
aluminum. 

Aluminum,  although  it  has  a  powerful  affinity  for  oxygen, 
is  not  readily  acted  upon  by  exposure  to  the  air.  It  is  not 
oxidated  by  water  at  common  temperatures  ;  but  when  the 
water  is  raised  to  the  boiling  state,  a  slight  oxidation  is  seen 
to  commence. 

The  combining  weight  of  aluminum  is  generally  esti¬ 
mated  at  13.72  ;  but  some  reckon  it  double,  and  others  re¬ 
duce  it  to  10. 

The  most  important  of  the  compounds  of  aluminum,  and 
one  of  the  most  generally  diffused  products  of  the  mineral 
kingdom,  is  the  oxide.  This  substance  is  hard,  and  infusi¬ 
ble  in  an  extraordinary  degree.  It  is  found  nearly  pure  in 
the  class  of  gems  comprehended  under  the  term  sapphire, 
namely,  the  sapphire  proper  or  blue  sapphire,  the  ruby,  the 
topaz,  the  emerald,  the  amethyst.  It  is  itself  obtained  as  a 
white  powder,  destitute  of  taste  and  smell,  and  only  fusible 
at  an  intense  temperature.  It  is  insoluble  in  water,  al¬ 
though  under  certain  conditions  it  combines  with  water, 
forming  hydrates.  These  hydrates  are  with  difficulty  solu¬ 
ble  in  water,  and  the  solution,  when  condensed,  produces  a 
gelatinous  mass,  like  hydrate  of  silicium  under  the  same 
circumstances.  Alumina  unites  with  acids  as  a  base,  form¬ 
ing  salts,  though  it  does  not  perfectly  neutralize  them,  but 
it  has  likewise  feeble  acid  powers  combining  with  earthy 
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and  alkaline  bases.  In  the  feebleness  of  its  acid  properties  it 
resembles  silica,  as  it  does  likewise  in  its  external  charac¬ 
ters,  in  its  infusibility,  in  its  insolubility  in  water  (with  the 
power,  however,  of  combining  with  that  body),  and  in  the 
hardness  which  it  communicates  to  the  minerals  in  which  it 
exists. 

Silica  and  alumina  exist  associated  together  throughout 
the  entire  mineral  kingdom.  They  form  the  basis  of  what 
are  termed  clays,  in  which  the  silica  stands  to  the  alumina 
somewhat  in  the  relation  of  an  acid  to  a  base.  They  form 
the  bases,  further,  of  all  the  larger  masses  of  mountain 
rocks,  and  great  mineral  deposites,  along  with  magnesia, 
lime,  and  the  other  alkaline  earths  and  alkalies,  together 
with  the  oxides  of  iron  and  other  substances.  It  is  not 
without  seeming  reason  that  the  ancients  reckoned  earth 
one  of  the  pristine  elements  of  nature.  They  supposed 
all  metals  and  precious  stones  to  be  derived  from  it,  all 
plants  and  even  animals ;  and  science  may  yet  admit, 
that  metals  and  precious  stones  are  derived  from  the  ele¬ 
ments  which  constitute  earth,  and  that  the  matter  of  plants 
and  animals  has  no  other  origin. 
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XL VI.  YTTRIUM. 

This  substance  is  the  metallic  base  of  an  earth  obtained 
in  1794,  from  a  solitary  mineral  species  found  in  the  quarry 
of  Ytterby,  in  Sweden,  and  since  discovered  in  a  few  other 
minerals  equally  rare.  The  earth  is  an  oxide,  from  which 
the  metallic  base  is  derived  by  the  same  process  which  has 
been  described  in  the  case  of  aluminum,  that  is,  the  chloride 
of  the  metal  is  subjected  to  the  action  of  potassium.  The 
metal  is  obtained  in  the  state  of  minute  scales,  having  the 
colour  of  iron,  and  a  lustre  much  inferior  to  aluminum. 
It  is  brittle,  whereas  aluminum  and  glucinum  are  ductile. 
At  common  temperatures  it  does  not  become  oxidated  in 
the  air  or  in  water.  When  heated  to  redness  it  takes  fire, 
and  is  converted  into  yttria,  and  in  oxygen  gas  the  combi¬ 
nation  takes  place  with  surpassing  splendour.  Its  combining 
weight  is  estimated  at  32.25,  though  considerable  doubt 
exists  as  to  the  true  proportion. 
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XL  VII.  GLUCINUM. 

This  metal  is  derived  from  the  earth  glucina,  which  is  an 
oxide  of  the  metal.  This  oxide  has  only  been  found  in  a 
tew  rare  minerals,  of  which  the  principal  are  the  emerald 
and  the  chryso-beryl.  The  metallic  base  is  best  derived 
from  the  metal  brought  to  the  state  of  chloride,  and  the 
process  tor  obtaining  it  is  precisely  that  used  for  obtaining 
aluminum.  Small  pieces  of  potassium  are  put  into  a  cru¬ 
cible  of  porcelain  or  platinum,  and  over  this  an  equal  bulk 
of  chloride  of  glucinum.  The  lid  of  the  crucible  being  fixed 
down,  a  spiiit  lamp  is  applied,  when  decomposition  takes 
place,  the  crucible  becoming  red  hot.  The  mass  in  the 
crucible  is  suffered  to  cool,  and  then  immersed  in  water 
by  which  means  the  chloride  of  potassium  is  dissolved,  and 
the  metal  obtained,  by  filtration,  in  the  state  of  a  dark  ruby- 
coloured  powder. 

Thus  glucinum  is  obtained  by  the  same  process,  and 
presents  the  same  external  characters,  on  being  reduced,  as 
aluminum.  When  the  scaly  matter  is  burnished,  it  acquires 
metallic  lustre.  Although,  having  a  powerful  affinity  for 
oxygen,  it  may  be  exposed  to  air  or  moisture,  or  be  even 
boiled  in  water  without  being  oxidated.  When  stronglv 
heated  in  the  open  air  it  takes  fire,  and  burns  with  a  vivid 
flame,  and  when  the  combustion  takes  place  in  oxj^gen  gas, 
the  splendour  of  the  light  is  very  great.  The  product  in 
either  case  is  the  earthy  oxide,  which  is  not  at  all  fused  by 
the  intensity  of  the  heat  evolved. 

Glucinum  combines  with  oxygen,  chlorine,  and  other 
bodies,  in  the  manner  of  aluminum,  and  forms  alloys  with 
several  of  the  metals.  Its  combining  weight  has  been 
estimated  by  some  at  26.54,  by  others  at  17  7 
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XL VIII.  MAGNESIUM. 


Magnesium  is  derived  from  tlie  oxide.  The  metal  being 
brought  to  the  state  of  chloride,  is  acted  upon  by  potassium, 
which  combining  with  chlorine,  leaves  the  magnesium  free, 
in  the  same  manner  as  in  the  process  for  obtaining  aluminum. 
The  metal  had  been  before  obtained  by  Davy,  by  means  of 
voltaic  action,  in  one  of  that  series  of  brilliant  experiments 
which  proved  so  many  bodies  to  be  compound,  which  for 
ages  had  been  deemed  simple.  It  was  first  obtained  by 
means  of  heat  and  chemical  affinities  alone  by  M.  Bussey , 
in  the  year  1830.  Five  or  six  pieces  of  potassium  of  the 
size  of  peas  were  put  into  a  glass  tube,  closed  at  one  end, 
and  bent  so  as  to  form  a  little  retort.  Upon  the  pieces  of 
potassium  were  laid  fragments  of  chloride  of  magnesium, 
and  these  being  heated  to  near  the  point  of  fusion,  a  lamp 
was  likewise  applied  to  the  potassium,  and  its  vapour  trans¬ 
mitted  through  the  heated  chloride.  \  ivid  incandescence 
took  place,  and  on  dissolving  the  mass,  after  being  cooled  in 
water,  the  chloride  of  potassium,  with  any  remaining  portion 
of  chloride  of  magnesium,  was  dissolved,  the  pure  magnesium 
subsiding. 

This  substance  possesses  a  bright  metallic  lustre,  and 
resembles  silver.  It  is  malleable,  and  fuses  at  a  led  heat. 
In  moist  air  it  oxidizes  superficially,  but  undergoes  no  change 
in  air  which  is  dry,  and  may  be  even  boiled  in  water  without 
being  oxidated.  When  strongly  heated  in  air  it  burns 
brilliantly,  and  yields  magnesia,  and  in  chlorine  gas,  it  takes 
fire  spontaneously. 

Its  specific  gravity  has  not  been  ascertained,  but  it  is 
heavier  than  water,  sinking  quickly  in  that  liquid.  Its 
combining  weight  was  estimated  by  Berzelius  at  12.69. 
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No  subsequent  experiments  have  either  proved  or  disproved 
the  conclusion  of  the  illustrious  Swede,  yet  I  cannot  but 
believe  that  the  combining  weight  of  magnesia  must  exceed 
lt>,  so  that  it  may  comprehend  all  the  elements  which  are 

assumed  to  enter  into  the  combination  of  the  nearly  allied 
metal  calcium. 

Of  the  compounds  of  magnesia,  one,  the  oxide,  enters 
into  the  composition  of  the  larger  earthly  deposites  of  the 
globe,  and  of  numerous  mineral  species,  as  the  precious 
serpentine,  the  chrysolite,  epsom  salt,  meerschaum,  amian¬ 
thus,  Ac.  In  its  separate  state,  it  is  an  earthy  white  powder, 
destitute  of  taste  and  smell.  It  possesses  the  alkaline  pro¬ 
perty  of  combining  with  acids,  and  producing  neutral  salts, 
but  it  has  less  action  on  vegetable  colours  than  the  other 
alkalies,  arising,  it  may  be  believed,  in  part  from  its  greater 
insolubility.  It  is  exceedingly  difficult  of  fusion,  having 
oniy  yet  yielded  to  the  flame  of  the  oxyhydrogen  blow-pipe, 
by  the  action  ot  which  it  is  converted  into  a  white  enamel. 
It  is  very  sparingly  soluble  in  water,  and,  like  lime,  is  more 
soluble  in  cold  water  than  in  hot.  It  seems  to  be  inter¬ 
mediate  m  its  characters  between  the  oxides  of  alumina  and 
lime,  and  it  has  some  relations  with  silica,  with  which  it 
enters  into  combination,  and  with  which  it  is  widely  asso- 
dated  in  the  natural  state. 
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XLIX.  CALCIUM. 


Lime,  so  largely  diffused  over  the  mineral  kingdom,  was, 
like  the  other  substances,  termed  earth,  shewn,  by  the  ad¬ 
mirable  researches  of  Davy,  to  be  a  metal,  to  which  he  ap¬ 
plied  the  term  calcium.  He  obtained  it  by  forming  the 
carbonate  of  the  oxide  into  a  paste  with  water,  which  he 
placed  upon  a  disc  of  platinum,  connected  with  the  positive 
pole  of  a  galvanic  battery,  while,  in  the  hollow  of  the  paste, 
he  placed  a  globule  of  mercury  connected  with  the  negative 
pole.  The  oxygen  of  the  oxide  appeared  at  the  positive 
pole,  while  the  calcium  appeared  at  the  negative,  and 
formed  an  alloy  or  amalgam  with  the  mercury  ;  and  this 
being  exposed  to  heat,  in  the  vapour  of  naphtha,  the  mercury 
was  volatilized,  and  the  calcium  left  behind.  This  method 
was  subsequently  improved,  but  still  the  quantity  of  metal 

obtained  has  been  very  small. 

Calcium  evidently  possesses  the  general  characters  of  the 
class  of  metals  to  which  it  belongs.  It  is  white,  like  silver, 
and  highly  combustible.  When  exposed  to  the  air,  it  at¬ 
tracts  oxygen  so  strongly,  that,  in  a  few  minutes,  it  is  con¬ 
verted  into  the  oxide,  and,  when  heated,  it  burns,  and  lime 


is  in  like  manner  produced.  Its  combining  weight  is  cal¬ 
culated  by  Berzelius  at  20.52,  by  Hr  Thomson  at  20. 

It  combines  with  oxygen  in  two  proportions.  .  The  pro¬ 
toxide  has  so  great  an  affinity  for  acids,  that  it  exists  native 
only  in  combination  with  them.  Of  these  salts  greatly  the 
most  extended  is  the  carbonate,  which  exists  thioughout 
the  organic  and  inorganic  kingdoms,  forming,  in  the  latter, 
vast  mineral  deposites,  and  entering  into  all  the  great  series 
of  rock  formations.  The  oxide  itself  is  a  white  powder, 
similar  in  external  characters  to  the  corresponding  oxides  of 
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Hie  metallic  bases  of  the  earths  and  alkalies.  It  has  an 
acrid  taste,  and  the  characters  termed  alkaline,  in  changing 
vegetable  blues  to  green,  and  then  to  yellow.  It  is  amongst 
the  least  fusible  of  known  bodies,  yielding  only,  if  it  yields 
at  all,  to  the  most  powerful  heat  of  the  oxyhydrogen  blow¬ 
pipe,  when  it  melts  into  a  white  enamel.  When  heated  to 
redness,  it  becomes  vividly  phosphorescent.  It  has  a  great 
affinity  for  water,  combining  with  it  in  a  definite  proportion. 
But  it.  is  very  sparingly  soluble  in  that  liquid,  and  more 
soluble  in  cold  water  than  in  hot.  It  may  be  regarded  as 
intermediate  in  its  characters  between  magnesia  and  the 
alkalies,  and  seems  to  have  certain  relations  with  silica, 

with  which  it  is  everywhere  associated  in  the  mineral 
kingdom. 
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L.  STRONTIUM. 

Strontium  is  the  metallic  base  of  the  earth  strontia,  oi 
strontites,  and  may  be  obtained  from  the  carbonate  by  the 
same  process  as  is  employed  for  obtaining  calcium.  It  may 
be  produced,  likewise,  by  passing  the  vapour  of  potassium 
over  strontites  heated  to  redness.  The  metal  obtained  is 
heavy,  white  like  silver,  and  fusible  with  difficulty.  W  hen 
exposed  to  the  air,  or  thrown  into  water,  it  is  quickly  oxi¬ 
dated,  and  converted  into  strontites,  which  is  a  protoxide  of 
the  metal. 

Its  combining  weight  has  been  calculated  by  Berzelius  at 

43.85,  by  Dr  Thomson  at  52.07. 

Like  lime,  it  combines  with  oxygen  in  two  proportions. 
The  protoxide  is  the  earth  strontites,  which  occurs  in  a  few 
rare  minerals,  of  which  one  is  the  green  carbonate  found  in 
the  lead-mine  of  Strontian,  in  Scotland.  The  oxide  is  nearly, 
if  not  altogether,  infusible,  and  is  acrid  in  taste,  and  strongly 
alkaline.  It  has  a  great  affinity  for  water,  though  it  is  little 
soluble  in  that  liquid.  "When  exposed  to  the  air,  it  attracts 
water,  with  which  it  combines  in  a  definite  ratio,  swelling 
and  crumbling  into  powder,  like  lime  under  the  same  cir¬ 
cumstances,  and  evolving  much  heat.  This  substance  is 
therefore  altogether  similar  in  its  characters  to  lime,  and 
the  metallic  bases  of  both  must  be  regarded  as  in  the  same 
class  of  bodies. 
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LI.  BARIUM. 

Barium  is  derived  from  the  protoxide  barytes.  It  lias  as 

3  ®. .  be“  0Dtained  only  m  minute  quantity,  by  the  powerful 
action  of  galvanism.  It  is  a  dark-gray  substance,  less  bright 
than  cast-iron.  It  fuses  at  a  heat  below  redness,  and  pro¬ 
duces  a  vapour  which  acts  strongly  upon  glass.  It  has  a 

f  8  aftmty  for  mxygen,  attracting  it  from  the  air,  and 
from  water  W  hen  heated,  it  burns  with  a  deep  red  light. 
Its  density  has  not  been  determined.  Its  combining  weight, 
as  calculated  by  Berzelius,  is  68.66. 

Like  calcium  and  strontium,  it  Combines  in  two  propor- 
lons  wi  n  oxygen.  The  protoxide  occurs  in  a  few  minerals 
chiefly  found  m  lead-mines.  It  is  a  grayish-white  powder, 
of  specific  gravity  about  4.  It  has  a  caustic  alkaline  taste 
converts  vegetable  blues  to  green,  and  neutralizes  the’ 
strongest  acids.  It  is  insoluble  in  alcohol,  and  fuses  only 
a  a  very  ugh  temperature.  It  has  a  strong  affinity  for 

nTtassa  If'  “  ^  “  **  ****  than  soda  and 

potassa.  Ix  exposed  to  the  air,  it  immediately  attracts 

isture  swells  out  with  evolution  of  heat,  and  crumbling 

mto  powder,  m  the  manner  of  quicklime  and  barytes,  after 

which  it  gradually  attracts  carbonic  acid,  and  loses  its  acid 

pi  op ei  ties,  m  the  same  manner  as  quicklime  and  strontites 

under  the  same  conditions.  If,  in  place  of  this  slow  absorp- 

mn  of  water,  the  liquid  be  added  in  quantity,  the  barytes 

r  v6  combmes  witl1  iL  and  swells  and  crumbles 

own,  with  the  evolution  of  so  great  a  heat  as  to  become 

luminous.  In  either  case  it  combines  with  water  in  the 
proportion  of  1  equivalent,  and  forms  a  hydrate.  This  hv 
drate  is  a  white  substance,  fusible  at  a  red  heat,  and  capable 
of  sustaining  the  highest  temperature  of  a  forge  without 
parting  with  its  water.  It  has  the  caustic  and  alkaline 

indicate;16^  ^  “hydr°US  protoxide-  These  characters 
dicate,  beyond  all  question,  the  close  relation  between 

calcium,  strontium,  barium,  and  their  compounds. 
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LIL  LITHIUM. 

This  metal  is  derived  from  the  alkaline  earth,  which  is 
an  oxide  of  the  metal,  found  in  mica,  and  some  rare  mine¬ 
rals.  Davy,  by  means  of  a  voltaic  battery,  exti  acted  fiom 
this  alkali,  the  metallic  basis,  which  he  termed  lithium. 
It  is  a  white-coloured  metal,  resembling  sodium  and  pot¬ 
assium,  but  possessing  so  powerful  an  affinity  for  oxygen, 
and  attracting  it  with  such  rapidity,  that  it  has  scarcely 
admitted  of  examination  in  its  separate  state.  Its  combin¬ 
ing  weight  was  calculated  by  Berzelius  at  6.44  ;  by  Arfwed- 
son  at  10.247.  It  is  probable  that  neither  is  correct,  and 
that  the  combining  weight  of  lithium  approaches  nearer  to 
that  of  the  alkalies,  which  it  resembles  in  all  its  other  cha¬ 
racters. 

Its  only  known  compound  with  oxygen  is  lithia.  This 
substance  has  been  hitherto  derived  from  a  few  minerals, 
as  petalite,  spodumene,  the  tourmaline,  and  some  laiieties 
of  mica ;  and  it  lias  been  found  in  the  mineral  waters  of 
Carlstadt  in  Bohemia.  It  is  best  prepared  from  petalite  and 
spodumene,  m  winch  two  minerals  it  exists  combined  with 
silica  and  alumina.  It  has  a  white  colour,  and  a  taste  acrid 
and  caustic  in  a  high  degree.  It  forms  with  water  a  hydrate, 
like  soda  and  potassa.  At  a  red  heat  it  melts,  forming  a 
transparent  liquid.  When  exposed  to  the  air  it  attracts  car¬ 
bonic  acid,  and  is  converted  into  a  carbonate.  Its  solubi¬ 
lity  in  water  is  less  than  that  of  soda  and  potassa,  and  when 
exposed  to  the  air,  it  does  not  like  the  latter  become  deli¬ 
quescent.  It  is  scarcely  soluble  in  alcohol,  and  if  that  sub¬ 
stance  is  added  to  an  aqueous  solution,  the  lithia,  after  an 
interval  of  some  hours,  is  precipitated.  When  heated  in  a 
platinum  crucible,  it  acts  with  force  upon  the  metal. 
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LIII.  SODIUM. 

Sodium,  the  metallic  basis  of  the  alkali,  soda,  was  ob- 
tamed  by  Davy  only  a  few  days  after  his  memorable  dis¬ 
covery  of  the  composition  of  potassa.  It  was  obtained  by 
the  action  of  a  powerful  voltaic  battery  on  hydrate  of  soda, 
by  means  similar  to  those  employed  for  obtaining  the  same 
class  of  metals.  But  the  metal  may  now  be  obtained  in 
any  quantity  by  heat  and  chemical  affinities  alone,  by  mix¬ 
ing  the  carbonate,  but  better  and  more  safely,  the  hydrate, 
with  charcoal  and  iron-filings,  and  exposing  the  mixture  to 
a  powerful  heat. 

The  metal  is  of  a  bright  silver-white  colour,  and  is  lighter 
than  water,  having  at  59°  F.  a  specific  gravity  of  0.972. 
At  the  temperature  of  32°,  it  is  malleable  and  soft,  and 
it  becomes  gradually  softer  by  the  increase  of  heat,  and 
at  184°  it  fuses,  becoming  entirely  liquid.  At  a  red  heat, 
and  in  the  absence  of  atmospheric  air,  it  rises  in  vapour 
unchanged.  It  is  oxidated  when  exposed  to  the  air  at  com¬ 
mon  temperatures,  but  very  slowly  if  the  air  be  dry. 
When  heated,  however,  in  the  air,  it  is  rapidly  oxidated, 
and  when  the  heat  is  increased,  it  takes  fire  and  burns  with 
a  bright  yellow  flame.  When  thrown  into  water,  it  is  in 
like  manner  rapidly  oxidated,  hydrogen  gas  being  evolved. 
It  rolls  about  upon  the  surface  with  a  hissing  noise ;  but  if 
fixed  to  a  spot,  by  rendering  the  water  viscid,  it  takes  fire ; 
and  when  a  few  drops  only  of  water  are  thrown  upon  it,  it 
evolves  so  much  heat  as  to  be  kindled. 

Its  combining  weight  has  been  estimated  at  23.31.  It 
combines  with  oxygen  in  at  least  two  proportions,  with  chlo¬ 
rine,  sulphur,  and  other  bodies. 

The  protoxide  forms  the  alkali  soda.  This  substance 
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exists  in  vast  abundance  in  the  mineral  kingdom,  in  animals, 
in  marine  plants,  and  in  many  vegetable  tribes  which  grow 
on  land.  It  may  be  obtained  either  in  the  anhydrous  state 
or  as  a  hydrate.  In  the  former  state  it  is  a  gray-coloured  sub¬ 
stance,  exceedingly  difficult  of  fusion.  When  it  combines 
with  an  equivalent  of  water,  it  becomes  white  in  colour,  and 
more  fusible  than  before.  It  possesses  all  the  characters 

termed  alkaline,  in  the  first  degree. 

Chloride  of  sodium,  forming  the  well-known  substance 
common  salt,  is  produced  by  the  combustion  of  sodium  in 
chlorine,  in  which  the  metal  takes  fire  spontaneously,  burn¬ 
ing  with  bright  sparks.  It  is  produced,  likewise,  by  heating 
sodium  in  hydrochloric  acid  gas,  or  by  passing  a  current  of 
chlorine  gas  over  it  heated  to  redness,  or  by  dissolving  soda 
in  hydrochloric  acid.  But  it  is  from  sea-water  that  it  is  ob¬ 
tained  in  the  largest  quantity,  by  simple  evaporation.  It 
exists,  likewise,  in  many  saline  springs  ;  and  is  found  in 
vast  beds,  chiefly  in  the  new  red  sandstone  formation,  but 
occasionally,  also,  in  the  older  deposites.  It  is  of  a  white 
colour,  and  has  a  grateful  saline  taste.  It  fuses  at  a  red 
heat  without  decomposition,  and  becomes  a  transparent  mass 
on  cooling.  Its  solubility  in  water  is  little  affected  by  dif¬ 
ferences  of  temperature.  It  deliquesces  slightly  in  a  moist 
atmosphere,  but  suffers  no  change  when  the  air  is  dry. 
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LIV.  POTASSIUM. 

Potassium  was  obtained  by  Davy  in  the  first  of  those 
experiments  by  which  the  existence  of  the  alkaligenous 
metals  was  made  known.  It  may  be  derived  from  the 
alkali  by  voltaic  action,  or  by  heat  and  chemical  affini¬ 
ties,  in  the  same  manner  as  the  other  metals  of  the  class  to 
which  it  belongs.  It  is  best  procured  by  distillation  from 
a  mixture  of  hydrate  of  potassa,  charcoal,  and  iron  filings. 

The  metal  when  newly  cut  resembles  mercury  in  lustre 
and  nearly  in  colour.  At  32°  F.  it  is  brittle,  and  when 
broken  exhibits  a  crystalline  texture.  By  an  increase  of 
temperature  it  becomes  malleable,  and  at  50°  is  so  soft  that 
it  may  be  moulded  by  the  pressure  of  the  fingers  like  wax. 
By  a  further  rise  of  temperature  it  becomes  viscid,  but 
is  not  entirely  liquefied  until  the  temperature  reaches 
150°.  Atmospheric  air  being  excluded,  it  volatilizes  at  a 
low  red  heat.  It  is  the  lightest  of  known  metals,  its  den¬ 
sity  at  the  temperature  of  60°  being  .865.  It  is,  like  sodium, 
a  good  conductor  of  electricity.  It  is  rapidly  oxidated  in 
the  air,  becoming  covered  with  a  crust  of  potassa  in  a 
few  minutes,  on  which  account  it  is  preserved  in  vessels 
from  which  air  is  excluded,  or  under  fluids,  such  as  naph¬ 
tha,  which  do  not  yield  oxygen.  When  heated  in  the  open 
air  it  takes  fire,  and  burns  with  a  brilliant  purple  flame.  It 
decomposes  water  the  instant  it  touches  it,  and  is  itself  set 
on  fire  by  the  heat  evolved,  burning  brightly  on  the  sur¬ 
face,  while  the  hydrogen  evolved  is  likewise  set  on  fire.  If 
plunged  under  water,  a  violent  action  in  like  manner  takes 
place. 

Its  combining  weight  has  been  estimated  at  39.26.  It 
combines  with  oxygen,  for  which  it  has  the  greatest  affi- 
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nity  of  any  known  substance  ;  with  chlorine,  sulphur,  and 
other  bodies,  in  the  manner  of  sodium,  forming  analogous 
compounds. 

Its  protoxide,  potassa,  has  been  known  and  used  in  the 
arts  from  ancient  times,  and  was  familiar  to  the  alchymists 
in  their  fruitless  labours.  But  the  alchymists  mistook  the  hy¬ 
drate  for  the  pure  alkali,  and  when  they  termed  it  the  ve¬ 
getable  alkali,  were  ignorant  of  its  existence  in  the  mineral 
kingdom.  It  is  found,  like  soda,  in  all  the  great  rock  for¬ 
mations,  and  forms  the  basis  of  numerous  mineral  species, 
chiefly  along  with  silica,  alumina,  and  other  earthy  bodies. 
In  the  anhydrous  state  it  is  a  white  solid,  intensely  caustic, 
and  fusible  at  a  temperature  a  little  above  that  of  redness,  but 
capable  of  bearing  the  strongest  heat  without  being  decom¬ 
posed  or  volatilized.  It  has  a  powerful  affinity  for  water, 
and  great  heat  is  evolved  during  their  combination.  Water 
dissolves  it  in  any  proportion,  but  with  the  single  equiva¬ 
lent,  it  forms  the  true  hydrate  :  the  excess  may  be  driven 
off  by  heat,  but  the  single  equivalent  which  constitutes  the 
hydrate  remains  so  strongly  combined,  that  it  cannot  be 
thus  separated.  This  hydrate  is  solid  at  common  tempera¬ 
tures,  but  fuses  at  a  heat  somewhat  below  redness,  and  in 
cooling  assumes  a  crystalline  texture.  It  has  the  essential 
characters  of  the  anhydrous  oxide,  possessing  the  properties 
termed  alkaline  in  the  highest  degree,  and  neutralizing  the 
most  powerful  acids. 

The  chloride  of  potassium  is  similar  to  the  chloride  of 
sodium,  and  so  it  may  be  said  of  all  the  analogous  combina¬ 
tions  of  the  two  metals  which  have  been  compared  toge¬ 
ther.  And  not  only  are  sodium  and  potassium  thus  closely 
allied  in  their  properties,  but  they  follow  in  a  natural  se¬ 
quence  the  bodies  which  precede  them.  From  magnesium, 
the  gradations  consist  in  an  increasing  affinity  for  oxygen, 
and  a  corresponding  increase  in  the  alkaline  characters 
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of  the  compounds.  Their  oxides  are  all  soluble  in  water, 
caustic  and  bitter,  and  they  all  act  similarly  upon  vegetable 
colours,  constituting  a  natural  group  as  well  defined  as  any 
in  the  mineral  kingdom. 

But  these  oxides  are  each  composed  of  a  metal  combined 
with  oxygen.  There  is,  however,  another  body  possessing 
the  very  same  characters,  and  known  from  the  earliest  pe¬ 
riods  of  chemical  inquiry  as  an  alkali ;  but  composed,  not  of 
a  metal  combined  with  oxygen,  but  of  two  other  bodies, 
hitherto  regarded  as  simple,  combined  with  one  another, 
hydrogen  and  nitrogen.  This  body  is  ammonia,  the  known 
composition  of  which  proves,  beyond  dispute,  the  compound 
nature  of  the  alkaligenous  metals,  and,  consequently,  of  all 
the  metals. 
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AMMONIA. 

Ammonia  is  obtained  by  a  well-known  process  from  sal- 
ammoniac,  which  is  regarded  as  a  compound  of  hydrochloric 
acid  and  ammonia.  The  substance  obtained  from  this  salt 
has  been  proved,  by  synthesis  and  analysis,  to  be  a  compound 
of  hydrogen  and  nitrogen,  M.  It  is  a  colourless  aeri¬ 
form  fluid,  having  a  peculiar  and  pungent  odour.  Il  is  al¬ 
together  irrespirable  in  the  pure  state,  and  can  only  be  re¬ 
ceived  into  the  lungs  when  largely  mixed  with  air.  It  ex¬ 
tinguishes  the  flame  of  burning  bodies,  and  yet  is  itself 
slightly  inflammable,  for  a  small  jet  of  it  will  burn  in  an  at¬ 
mosphere  of  oxygen  gas,  and  when  a  lighted  taper  is  im¬ 
mersed  in  it,  the  flame  enlarges  before  being  extinguished. 
"When  mixed  with  oxygen  gas,  it  detonates  by  means  of  the 
electric  spark,  water  being  formed  and  nitrogen  set  free.  At 
the  temperature  of  50°,  and  under  a  pressure  of  atmos¬ 
pheres,  it  becomes  liquid,  and  is  then  colourless  and  trans¬ 
parent,  and  of  a  density  of  about  6.76. 

This  substance  possesses  the  properties  termed  alkaline 
in  a  high  degree.  It  affects  in  the  same  manner  as  the 
other  alkalies  the  vegetable  colours  ;  it  has  the  acrid  taste 
which  characterizes  them,  and,  like  them,  it  combines  with 
acids,  and  neutralizes  them. 

Ammonia  has  a  powerful  affinity  for  water.  According 
to  Sir  Humphry  Davy,  water  takes  up  670  times  its  bulk  of 
the  gas,  under  a  pressure  of  29.8  of  an  inch,  at  50  F.,  and 
under  strong  compression,  or  at  a  higher  temperature,  it 
absorbs  a  larger  quantity.  During  this  absorption  heat  is 
evolved,  and  a  great  expansion  of  the  liquid  takes  place. 
In  saturating  with  gas  6  cubic  inches  of  water,  Dr  Thomson 
found  that  the  water  increased  in  bulk  to  10  cubic  inches. 
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The  aqueous  solution  of  ammonia  possesses  the  taste, 
the  pungent  odour,  and  the  alkaline  properties  of  the  gas. 
It  enters  into  ebullition  at  the  temperature  of  about  130°, 
and  it  freezes  at  nearly  the  same  temperature  as  mercury. 

The  salts  of  ammonia  are  similar  in  their  essential  cha¬ 
racters  to  the  other  alkaline  salts,  distinguished  only  by 
the  results  produced  by  the  base  of  the  one  being  volatile, 
and  the  other  fixed.  Thus  none  of  the  salts  of  ammonia 
can  bear  a  red  heat,  without  being  dissipated  in  vapour,  or 
decomposed.  When  the  acid  as  well  as  the  base  is  volatile, 
they  both  pass  off  together  unchanged  ;  but  when  the  acid 
is  fixed  at  a  low  red  heat,  then  the  ammonia  alone  is  vola¬ 
tilized. 

Now,  here  is  a  substance  alkaline,  in  every  sense  of  the 
word,  associated  with  the  other  alkalies  by  characters  and 
properties  which  connect  it  as  closely  to  them  as  the  species 
of  any  genus  are  related  to  one  another.  Can  we  believe  that 
these  substances,  though  represented  by  different  chemical 
formulas,  are  really  different  in  their  essential  constitution  ? 
Are  we  not  rather  compelled  to  believe,  that  our  chemical 
formulae,  whatever  they  be,  must  represent  substances  of  a 
common  nature  1  But  ammonia  is  represented  by  H3N, 
and  the  alkalies  by  MO,  M  representing  the  alkaligenous 
metal.  We  must  therefore  find  a  common  expression  for 
H3N  and  MO  ;  and  this  we  can  only  do  by  reducing  them 
to  a  common  root. 

Now,  H3N,  on  the  hypothesis  =  H3  +  CO  =  H3  +  H2  C2= 
H5C2.  By  the  table,  potassium  =  Hn  + C2  O2,  and  potassa 
accordingly,  =  H11  C2  O2  +  0  =  H11  C2  O3 = H11  C2  +  H6  C3  =  H17 
C5 ;  and  upon  the  same  principle  sodium,  =  H11  C2,  and 
soda,  =  H11  C2  +  H2  C  =  H13  C3.  We  have  therefore,  as  ex¬ 
pressions  for  the  three  substances  respectively, 

Ammonia,  .  .  .  .  H5  C2 

Potassa,  ....  IP17  C5 

Soda, . H13  C3 
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The  substances  are  therefore  all  derivable  from  common 
roots,  and  in  this  respect,  there  is  no  distinction  between 
ammonia  and  the  two  alkaline  bodies  connected  with  it ; 
and  further,  there  is  no  other  hypothesis,  except  that  of 
derivation  from  a  common  root,  that  will  explain  the  identity 
of  the  essential  characters  of  ammonia  and  the  other  ah 
kalies. 

Ammonia  being  formed  by  the  combination  of  hydrogen 
and  nitrogen,  it  may  be  expected  that  the  elements  of  nitro¬ 
gen  will  likewise  exist  in  the  alkalies.  Accordingly,  these 
alkalies  comprehend  the  secondary  root  CO  =  N,  and  not  only 
the  alkalies,  but  all  the  alkaline  earths,  and  all  the  metallic 
oxides.  Finding,  indeed,  that  nitrogen,  or  the  elements  of 
nitrogen,  entered  into  the  composition  of  ammonia,  we  might, 
a  priori,  have  inferred  that  it  entered  into  the  composition  of 
the  alkalies  ;  and  if  into  the  composition  of  the  alkalies,  into 
the  composition  of  all  the  bodies  with  which  the  alkalies  are 
related,  namely,  the  alkaline  earths  and  metallic  oxides  : 
and  the  fact,  that  hydrogen  and  nitrogen  can  and  do  form  a 
body  similar  to  that  which  a  metal  and  oxygen  form,  de¬ 
monstrates  that  the  same  particles  of  matter  are  common  to 
ammonia  and  the  alkalies. 
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W  hen  ammonia  in  solution  in  water  is  placed  in  contact 
with  mercury  at  the  negative  end  of  a  voltaic  battery,  and  the 
circuit  is  completed,  the  mercury  increases  to  about  5  times 
its  former  volume.  The  same  effect  is  produced  by  using  sal- 
ammoniac  slightly  moistened.  A  cavity  being  made  in  the  sal- 
ammoniac,  it  is  placed  on  a  plate  of  platinum  attached  to  the 
positive  end  of  a  battery,  and  there  is  placed  in  the  cavity 
about  50  grains  of  mercury,  which  is  brought  in  contact 
with  the  negative  end  of  the  same  battery  by  a  platinum 
wiie.  A  strong  action  takes  place,  with  effervescence  and 
the  evolution  of  much  heat,  and  the  mercury,  in  a  few 
minutes,  increases  in  the  remarkable  manner  referred  to. 
The  resulting  compound  is  a  solid  substance,  of  specific 
gravity  below  3,  having  the  entire  appearance  of  an  amalgam 
of  zinc.  At  the  temperature  of  70°  or  80°  this  substance  is 
very  soft ;  but  at  32°  it  becomes  a  firm  crystalline  mass. 
When  acted  upon  by  water,  the  mercury  is  revived,  and 
ammonia  remains  in  solution.  WTen  put  in  a  glass  tube, 
or  when  confined  under  naphtha  or  oils,  the  mercury  se¬ 
parates,  ammonia  is  formed,  and  a  quantity  of  hydrogen  is 
evolved.  From  these,  and  precise  experiments  regarding 
the  substances  evolved,  it  has  been  inferred  that  ammonia 
united  to  an  additional  equivalent  of  hydrogen,  combines 
with  the  mercury,  and  forms  this  substance,  which,  in  its 
combination  with  mercury,  exhibits  the  characters  of  a 
metal. 

But  how  can  we  suppose  a  metal  to  be  formed  by  a  com¬ 
bination  of  hydrogen  with  nitrogen  l  We  cannot  even 
imagine  such  a  result,  if  we  hold  a  metal  to  be  a  simple 
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body;  but  the  seeming  anomaly  disappears,  when  we  re- 
gard,  as  we  must  do,  a  metal  as  a  compound  body,  derived 
from  the  same  roots  as  ammonium. 

And,  if  one  metal  be  formed  by  a  combination  of  hydro¬ 
gen  with  nitrogen,  or  the  elements  of  nitrogen,  we  are 
bound  to  assume  that  all  metals  are  so  formed.  For  to  hold 
that  a  single  metal  was  formed  by  such  a  combination,  and 
that  the  others  were  not,  would  be  to  violate  every  analogy 
founded  on  the  physical  and  chemical  characters  of  the 
bodies.  If  H4  N  represents  ammonium,  we  must  find  a  com¬ 
mon  expression  for  all  the  bodies  of  the  same  class.  But 
we  can  only  find  such  an  expression  by  referring  them  all 
to  a  common  root ;  and,  therefore,  if  ammonium  be  a  metal, 
all  the  metals  are  compound. 

Besides  the  compounds,  ammonium,  H4  N,  and  ammonia, 
H3  N,  chemists  have  been  led  to  the  conclusion,  that  there 
exists  another  compound  of  hydrogen  and  nitrogen,  H2  N, 
to  which  has  been  applied  the  term  amidogen.  This  sub¬ 
stance,  indeed,  has  not  been  insulated;  but,  fiom  ceitain 
actions,  its  existence  or  formation  has  been  inferred,  and  the 
investigations  of  Dumas,  and  more  recently  those  of  Rose 
and  Kane,  have  seemed  to  give  a  considerable  degree  of  pro¬ 
bability  to  the  theory.  But  the  formation  of  amidogen  may 
be  maintained  on  other  grounds  than  those  that  have  been 
taken,  namely  the  law  of  continuity,  as  applied  to  chemical 
combinations,  to  which  I  shall  immediately  refer.  Every 
substance  being  assumed  to  be  derived  from  a  root  in  the  as¬ 
cending  order,  the  more  immediate  root  of  the  series  of  bo¬ 
dies,  of  which  ammonium  is  a  sequence,  is  HN,  or,  as  it 
may  be  called,  monohydruret  of  nitrogen,  and  the  series  of 
the  bodies  will  be  represented  thus  : — 


1.  Monohydruret  of  nitrogen, 

2.  Bihydruret  of  nitrogen,  or  amidogen, 

3.  Terhydruret  of  nitrogen,  or  ammonia, 

4.  Quaterhydruret  of  nitrogen,  or  ammonium, 


H  N 
H2  N 
H3  N 
II4  N 
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The  root  H  N  corresponds  with  phosphorus,  on  the  suppo¬ 
sition  that  the  combining  weight  of  that  body  is  15.12,  and 
that  phosphorus,  accordingly,  is  resolvable  into  H  C  0 .  It  can¬ 
not  be  maintained  that  this  actually  is  so,  because  we  are  in 
some  doubt  as  to  the  true  combining  weight  of  phosphorus. 
But  probabilities  exist  in  favour  of  the  opinion,  founded 
on  the  analogy  between  phosphorus  and  the  ammoniacal 
group  of  bodies.  The  resemblance  between  phosphoretted 
hydrogen  and  ammonia,  both  the  result  of  the  putrefactive 
fermentation  of  animal  matter,  was  before  adverted  to  ;  and 
phosphoretted  hydrogen,  upon  the  hypothesis  =  H  N  +  H3  = 
H4N,  which  is  the  precise  composition  assigned  to  ammo¬ 
nium.  Further,  amidogen  corresponds  in  the  number  and 
ratio  of  its  elements  with  sulphur ;  and  sulphur,  we  have 
seen,  is  directly  derived  from  nitrogen. 

Thus,  in  every  view  that  we  can  take  of  the  chemical 
constitution  of  bodies,  we  are  compelled  to  refer  them  to  a 
common  origin.  No  other  hypothesis  will  save  us  from  con¬ 
tradictory  conclusions,  or  accord  with  the  results  which  ex¬ 
periment  has  established. 
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The  principle  of  chemical  combinations  which  I  have 
thus  far  endeavoured  to  establish  is,  that  from  certain  roots 
or  elements,  all  the  other  bodies  in  the  descending  order, 
simple  or  compound,  may  be  derived.  We  have  seen,  that 
two  suppositions  may,  with  almost  equal  reason,  be  made  ; 
first,  that  all  bodies  may  be  resolved  into  hydrogen,  carbon, 
and  oxygen  ;  and  secondly,  that  all  bodies  may  be  resolved 
into  hydrogen  and  carbon.  Either  supposition  may  be 
adopted,  and  this  consistently  with  observed  results  ;  but 
the  latter  supposition  is  in  accordance  with  the  principle, 
that  we  shall  not  assign  more  causes  for  an  effect  than  are 
necessary  to  explain  it.  If  we  shall  suppose  that  all  bodies 
are  resolvable  into  hydrogen  and  carbon,  as  common  roots, 
we  can  equally  explain  the  resulting  effects,  as  if  we  shall 
suppose  that  the  roots  are  three,  hydrogen,  carbon,  and 
oxygen. 

If  carbon  were  a  simple  multiple  of  hydrogen,  then  we 
could  explain  its  derivation  from  the  molecules  of  hydrogen, 
thus  : — A  molecule  of  hydrogen  h  =  1,  combines  with  a 
molecule  of  hydrogen  /i,  and  forms  the  molecule  h  +  h  —  2. 
The  new  molecule  li  -f  h  combines  with  the  molecule  h, 
and  forms  the  molecule  h  +  h  +  h  —  3 ;  and  this  again  with 
the  molecule  h;  and  so  on  in  an  arithmetical  series,  until  we 
reach  the  molecule  h- i-  5  h  —  Q  —  G. 

But  carbon,  it  appears  from  experiment,  is  not  a  simple 
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multiple  ot  hydrogen,  but  is  represented  by  6.04,  or  some 
number  approaching  to  6.04.  We  can  only,  therefore,  derive 
carbon  from  hydrogen,  by  ascending  to  a  higher  order  of 
molecules,  from  which  hydrogen  itself  is  derived.  Now,  we 
may  suppose  that  hydrogen  is  derived  from  two  distinct 
orders  of  molecules,  m  and  n.  In  this  case,  the  first  mem¬ 
ber  of  the  series  in  the  descending  order  is  m  -f  n  ;  the  se¬ 
cond  2  m  4  n,  or  m  4  2  n  ;  the  third  3m  +  n,  or  m  4  3  n  ;  and 
so  on,  until  we  reach  x  m  4  n,  or  m  4  x  n  =  H  or  H1. 

But  if  we  assume  that  the  properties  of  bodies  are  deter¬ 
mined,  not  by  differences  in  the  nature  of  their  pristine 
molecules,  but  by  differences  in  their  modes  of  combina¬ 
tions,  or,  in  other  words,  in  the  relations  in  which  they  stand 
to  one  another,  we  may  assume  that  hydrogen  is  derived 
from  a  single  order  of  molecules  m.  In  this  case,  m  4  m 
becomes  the  second  member  of  the  series,  m  4  2  m  the  third, 
m  4  3  m  the  fourth,  and  so  on  in  the  descending  order,  until 
we  reach  H  =  1.  But  the  series  being  still  continued,  H  =  1 
combines  with  rn,  and  forms  1  4  m;  1  4  m  combines  with  m, 
and  forms  14  2  m;  and  so  on,  in  an  arithmetical  progres¬ 
sion,  until  we  reach  1  4  xm  —  6.04  =  C. 

But  we  cannot  determine  the  value  of  m  from  any  known 
data  ;  for  we  do  not  know  how  far  the  division  of  matter 
may  be  carried.  An  opinion,  supported  by  many  mathema¬ 
ticians  of  the  last  age  was,  that  matter  was  infinitely  divi¬ 
sible.  It  must  be  conceded,  that  space  is,  mathematically, 
infinitely  divisible,  for,  if  space  be  divided  by  any  given 
quantity,  as  2,  the  half  must  be  equally  divisible  by  2,  and 
so  on  ad  infinitum.  But  although  space  be  infinitely  divi¬ 
sible,  it  in  no  degree  follows  that  matter  is  infinitely  divided. 
We  must  suppose  that  there  are  limits  to  the  division  of 
matter  ;  for  otherwise  we  should  involve  ourselves  in  this 
conclusion,  that  to  form  a  particle  of  matter  in  any  finite  de¬ 
gree  exceeding  an  infinitely  small  particle,  by  the  successive 
addition  of  its  integrant  parts,  an  infinite  time  would  be 
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required.  WT  may  reasonably  suppose,  then,  that  theie 
are  limits  to  the  division  of  matter,  although  these  limits 
are  unknown. 

We  cannot,  however,  as  has  been  said,  determine  the 
value  of  the  ultimate  particle  m.  But  let  us  suppose, 
for  the  purpose  of  example,  that  the  value,  or  atomic 
weight  of  m,  is  .01,  then, 


The  2d  member  of  the  series, 
The  3d, 

The  4th, 

The  5th, 

The  6th, 

The  7th, 

The  8th, 

The  9th, 

The  10th, 

And  so  on  to  H 


m  +  .01  =  .02 

=  .03 
=  .04 
.  =  .05 

—  .06 
=  .07 
-  .08 
=  .09 
=  .10 
=1.00 


Now,  let  us  suppose  the  same  series  to  be  continued,  and 
we  shall  arrive,  in  the  descending  order,  at  6.01  —  G.  Thus, 
two  definite  bodies  will  have  been  formed,  H  and  C  ;  and 
from  H  and  G,  it  has  been  seen,  we  can  suppose  every  known 
body,  and  every  possible  combination,  to  be  derived. 

But  we  may  suppose  the  series  just  given  to  be  continued 
in  the  descending  order,  until  we  reach  the  number  corres¬ 
ponding  with  oxygen.  I  have  admitted  the  possibility  of 
this  result,  in  the  supposition  made,  that  bodies  may  be 
conceived  to  be  resolved  into  hydrogen,  carbon,  and  oxygen, 
or  into  one  or  more  of  these  bodies. 

We  might,  upon  the  same  principle,  ascend  to  the  higher 
degree  of  generalization,  and  assume  all  bodies  to  be  de¬ 
rived  from  the  unknown  form  of  matter  m,  But,  if  liydi  o 
gen  and  carbon  be  derived  from  m,  in  a  given  series,  the 
further  conclusions  to  be  drawn,  are  not  invalidated,  because 
we  proceed  from  a  lower  degree  of  generalization. 

Hydrogen,  then,  being  the  first  of  known  bodies  in  the 
series  from  and  carbon  the  second,  we  may  derive  all 


LAW  OF  CONTINUOUS  COMBINATIONS.  151 

the  other  bodies  in  the  descending  order  from  these  two 
forms  of  matter,  just  as  if  we  began  at  the  higher  stage  of 
generalization,  and  derived  them  all,  including  hydrogen  and 
carbon  themselves,  from  m.  Having  obtained  two  known 
bodies  H  and  C,  we  can  suppose  these  two  bodies  to  com¬ 
bine,  and  form  the  binary  root  H  C,  and  from  this  root  any 
number  of  combinations  to  be  formed.  Thus,  H  C  combines 
with  1  equivalent  of  hydrogen,  and  forms  H2  C,  as  shewn 
in  the  table  before  given.  H2C  combines  with  C,  and  forms 
H2  C2,  representing,  on  the  hypothesis,  nitrogen.  This, 
again,  combines  with  hydrogen,  forming  H3  C2,  or  with  car¬ 
bon,  forming  H2  C3,  and  so  on  through  the  entire  series  of 
bodies  which  we  term  simple,  and  consequently  through 
the  entire  series  which  we  know  to  be  compound.  And 
the  series  of  combinations,  it  is  to  be  observed,  is  not  in¬ 
terrupted  when  we  arrive  at  the  products  of  the  organic 
kingdom.  The  essential  constituents  of  this  order  of  bodies 
are  hydrogen,  carbon,  oxygen,  and  nitrogen,  and  two  or 
more  of  these  roots  combining,  constitute  the  compounds 
which  the  living  world  supplies.  But  all  these  substances 
may  be  derived  from  the  common  root  H  C,  so  that  the  law 
of  continuous  combinations  applies  alike  to  the  inorganic 
and  organic  kingdoms. 

The  term  Organic  Chemistry  has  been  recently  intro¬ 
duced  ;  but  the  term  is  illogical,  for  no  branch  of  chemistry 
can  be  termed  organic  ;  and  even  when  we  employ  the 
more  correct  expression,  the  chemistry  of  organic  bodies, 
we  may  lead  others  into  error  unless  we  define  our  meaning. 
The  principal  constituents  of  living  bodies,  or  bodies  that 
have  lived,  are  the  four  substances  referred  to,  and  these 
substances  are  common  to  both  the  natural  kingdoms. 
The  essential  difference  between  the  two  classes  of  pro¬ 
ducts,  when  we  regard  their  chemical  nature,  is,  that  un¬ 
der  the  influence  of  the  living  principle,  whatever  the 
nature  of  this  principle  be,  the  roots  of  bodies  enter  into 
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combinations,  which  frequently  cannot  he  produced  by  the 
common  chemical  agencies.  But  there  is  no  othei  con¬ 
ceivable  distinction  between  the  two  classes  of  products 
with  respect  to  their  nature  and  origin.  They  are  all,  we 
must  suppose,  derived  from  common  roots,  or,  in  other  words, 
from  the  same  kind,  of  matter.  Carbonic  acid  is  no  more 
a  peculiar  product  of  plants  and  animals  than  of  minerals, 
and  oxalic  acid  is  merely  a  species  of  the  same  genus  as  car¬ 
bonic  acid,  and  cannot  be*  placed  in  any  other  division  of 
chemical  compounds.  Gum,  starch,  and  sugar,  are  the  pro¬ 
ducts  of  plants,  but  are  all  resolvable  into  carbon,  oxygen, 
and  hydrogen,  and,  therefore,  do  not  differ  from  the  bodies 
of  the  inorganic  kingdom,  composed  of  the  same  elements, 
except  in  so  far  as  these  elements  may  be  combined  in  dif¬ 
ferent  ratios.  There  can  be  no  reasonable  question,  that, 
in  either  case,  the  constituent  elements  have  arranged  them¬ 
selves,  in  the  manner  proper  to  each  body,  in  conformity 
with  the  same  chemical  laws  ;  and  we  may  conclude,  that 
the  essential  difference  is,  that  the  elements  in  the  one  case 
have  obeyed  the  ordinary  chemical  affinities,  and  that  in 
the  other  these  affinities  have  been  determined  to  a  given 
end  by  another  system  of  laws,  to  which,  in  our  ignorance 
of  their  nature,  we  apply  the  term  vital.  When  we,  there¬ 
fore,  direct  chemical  researches  to  substances  derived  from 
bodies  that  have  been  once  organized,  we  are  in  no  re¬ 
spect  to  assume,  that  we  have  to  do  with  a  different  order  of 
matter,  in  so  far  as  its  chemical  constitution  is  concerned. 
Chemistry  applied  to  the  latter  class  of  bodies,  has,  within^ 
our  own  times,  made  a  surprising  advance.  But  as  yet  this 
advance  has  been  rather  towards  the  collection  of  facts 
than  towards  the  establishment  of  principles.  Compound 
after  compound  is  in  the  course  of  being  added  to  the  list, 
and  no  limit  can  be  assigned  to  the  number  which  may  be 
produced.  For  not  only  may  the  four  substances,  hydrogen, 
carbon,  oxygen,  and  nitrogen,  into  which  the  great  mass  of 
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substances  of  organic  origin  is  resolvable,  be  combined  in  a 
vast  number  of  ways  ;  but  the  compounds  thus  produced 
may  combine  with,  or  be  acted  upon,  by  such  bodies  as 
chlorine,  sulphur,  phosphorus,  arsenic,  and  by  the  acids 
and  other  compounds  formed  by  these  bodies.  We  must 
see,  therefore,  that  there  is  no  assignable  limit  to  the  num¬ 
ber  of  compounds  that  may  be  produced  by  the  action  of  so 
many  substances  upon  one  another.  If  we  proceed,  as  now, 
in  adding  new  compounds  to  those  already  known,  we  may 
expect  that  chemistry  will  become  a  chaos  of  names  and  un¬ 
connected  results,  which  will  overburden  the  memory,  un¬ 
less  we  shall  be  able  to  reduce  the  scattered  truths  to  order. 
Chemists,  indeed,  engaged  in  this  interesting  branch  of 
inquiry,  have  everywhere  felt  the  necessity  of  arranging 
the  results  of  their  experiments  into  something  like  laws. 
Hence,  the  introduction  of  what  have  been  termed  radicals, 
or  roots  common  to  a  number  of  compounds.  To  this 
species  of  arrangement  no  logical  objection  exists.  On  the 
contrary,  it  is  founded  on  the  application  of  a  principle, 
which  all  the  analytical  researches  of  chemistry  tend  to 
confirm,  the  resolution  of  compound  bodies  into  others  more 
simple.  But  it  may  be  gravely  questioned,  whether  we  are 
now  proceeding  in  the  right  direction  in  our  method  of 
applying  the  principle  to  the  formation  of  roots  and  chemical 
formulae,  and  are  not  attempting  to  express  more  by  these 
formulae  than  our  knowledge  will  warrant.  A  formula 
should  be  the  expression  of  a  chemical  truth,  as  of  the  ratio 
in  which  certain  elements  enter  into  a  given  compound  ; 
but  we  should  be  careful,  in  reducing  this  expression  of  a 
truth  to  another  form,  to  express  no  hypothesis  which  is 
not  necessarily  involved  in  the  truth  to  be  expressed.  Yet, 
if  I  mistake  not,  in  our  construction  of  these  hypothetical 
formulae  by  which  we  endeavour  to  express  the  nature  of 
the  numerous  compounds  which  we  are  now  enabled  to 
form,  we  are  passing  far  beyond  the  limits  of  a  just  induc¬ 
tion.  Not  contented  with  expressing  the  ratios  in  which 
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the  several  constituents  exist  in  the  compound,  as  determined 
by  experiment,  we  divide  and  subdivide  its  several  menu 
bers,  and  assign  to  each  its  place  in  our  formulae,  just  as  if 
we  could  see  into  the  molecular  constitution  of  a  compound 
particle  of  matter  :  And,  beyond  a  question,  this  course  in¬ 
cautiously  pursued,  is  tending  to  encumber  the  progress  of 
discovery  by  a  mass  of  useless  hypotheses. 

We  do  not  know  in  what  manner  one  molecule  unites 
itself  to  another  to  form  a  compound  molecule  ;  but  we  do 
know,  that  a  body  which  is  itself  compound,  may  perform 
the  functions  of  a  body  which  we  regard  as  simple,  and, 
hence,  we  may  infer,  that  a  compound  molecule  may  per¬ 
form  the  functions  of  what  we  regard  as  a  simple  molecule. 
Hydrogen  combines  with  oxygen,  and  forms  water  ;  but 
water  combines  with  other  bodies,  as  much  in  the  manner  of 
a  simple  body  as  hydrogen,  and  the  molecules  of  water  seem 
to  be  as  much  simple  with  relation  to  the  bodies  with  which 
water  combines,  as  the  molecules  of  hydrogen  are  simple 
with  relation  to  the  bodies  with  which  hydrogen  combines. 
Cyanogen  performs  the  same  functions  in  combination,  as 
oxygen,  sulphur,  or  chlorine  ;  and  hence,  we  may  believe, 
that  the  molecule  of  cyanogen  is  as  much  simple  in  its 
actions  as  a  molecule  of  oxygen,  sulphur,  or  chlorine.  An 
acid  combines  with  a  base,  and  forms  a  salt.  A  new  mole¬ 
cule,  we  may  suppose  to  be  formed,  which  is  a  molecule  of 
this  salt.  But  one  salt  may  combine  with  another,  and 
form  a  new  salt.  The  molecules  of  these  salts,  therefore, 
are  single  with  respect  to  one  another,  and  enter  into  com¬ 
bination  in  the  same  manner  as  the  molecules  which  we 
regard  as  simple. 

Hence  will  appear  the  futility  of  the  controversy  which 
has  recently  arisen  amongst  chemists  regarding  the  na¬ 
ture  of  Salts.  Chlorine  combines  with  sodium,  and  forms 
a  salt.  But  sulphuric  acid,  likewise,  combines  with  an 
oxide  of  the  same  metal,  and  forms  a  salt  so  similar  to 
the  other  in  its  general  characters,  that  it  is  impossible 
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not  to  regard  them  as  bodies  of  the  same  class.  But 
it  is  contended,  that  in  place  of  supposing  a  molecule  of 
sulphuric  acid  to  combine  with  a  molecule  of  soda,  we 
must  assume  that  the  oxygen  of  the  oxide  passes  over  to 
the  sulphuric  acid  SO3,  and  forms  a  new  compound  SO4, 
and  that  it  is  this  compound  which  combines  with  the 
metal  and  forms  the  salt,  and  not  the  acid  with  the  base. 
.But  this  supposition  in  no  degree  explains  the  difficulty 
which  it  is  intended  to  remove.  We  must  believe  that 
this  new  compound  SO4,  which  has  never  been  insulated, 
nor  proved  to  exist,  forms  a  new  body,  single  with  relation 
to  the  body  with  which  it  combines.  But  is  not  SOs  equally 
m  this  respect  single  with  relation  to  the  body  with  which 
it  combines  \  But  then  it  is  said,  the  base  with  which  chlo¬ 
rine  combines  is  a  metal,  and  consequently  a  simple  body, 
and,  therefore,  the  body  with  which  our  new  compound. 
SO4,  combines  to  form  a  salt,  must  be  a  metal  and  a  simple 
body.  But  it  is  denied  that  the  metal  is  a  simple  body  ;  and  , 
even  if  it  were,  the  supposition  would  not  help  the  argu¬ 
ment.  We  admit,  that  a  body  having  the  properties  of 
a  simple  body  with  respect  to  its  mode  of  action,  is  formed 
by  the  compound  S  O  :  why  should  we  refuse  to  admit, 
that  a  body  having  the  properties  of  a  simple  body,  is 
formed  by  the  compound  NaO?  Can  a  single  reason  be 
given  why  we  should  assume  that  S  O  is  more  simple 
than  S  08  or  Na  0  1  The  acid  S  03  is,  indeed,  a  compound, 
formed  of  two  known  roots,  but  these  roots  unite  to  form 
a  single  body;  and  we  must  assume,  that  the  particles  of  this 
body  are  as  much  single  as  the  body  which  they  have  com¬ 
bined  to  form.  So  we  must  believe  of  the  base  Na  0.  It 
likewise  is  a  single  body,  formed  of  its  own  particles,  and 
these  particles  must  be  as  much  single  as  the  body  of  which 
they  are  parts.  Neither  chlorine  nor  the  metal  is  a  simple 
body  ;  and  NaCl  falls  within  the  same  class  of  chemical  com¬ 
binations  as  Na  0  4-  S  O3.  These  latter  bodies  have  each 
their  own  particles,  as  single  with  relation  to  one  another, 
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as  those  of  the  chlorine  salt ;  and  no  necessity  exists  for  the 
clumsy  hypothesis  which  has  been  adopted  for  reducing  them 
to  the  same  class  of  chemical  combinations.  They  are  in 
the  same  class,  nay,  it  may  be  said,  almost  in  the  same 
genus  already,  and  the  hypothesis  made  is  superfluous,  and 
the  reasoning,  therefore,  on  which  it  is  founded,  illogical. 

Although  we  do  not  know  the  manner  in  which  two  or¬ 
ders  of  molecules  unite  to  form  a  new  and  single  molecule, 
it  may  be  reasonably  believed  that  it  is  by  a  simple  law  of 
combination.  The  molecules  of  H,  we  may  suppose,  combine 
with  the  molecules  of  C,  and  form  the  root  II  C.  This  root 
combines  with  TI,  and  forms  H2  C  or  oxygen,  and  this  root 
again  combines  with  an  equivalent  of  H,  and  forms  H3  C, 
or  water.  Now  these  combinations  appear  to  take  place  in 
succession,  for  water  cannot  be  conceived  to  be  formed  be¬ 
fore  oxygen,  nor  can  oxygen  be  conceived  to  be  formed  be¬ 
fore  the  roots  of  which  it  is  composed.  When  nitrogen  is 
formed,  it  may  combine  with  another  root  already  produced, 
oxygen,  forming 

Nitrous  oxide,  . 

Nitrous  oxide,  combining  witli  O,  forms  nitric  oxide, 

Nitric  oxide,  combining  with  O,  forms  hyponitrous  acid, 

Hyponitrous  acid,  combining  with  O,  forms  nitrous  acid, 

Nitrous  acid,  combining  with  0,  forms  nitric  acid, 

And,  in  like  manner,  when  any  body  whatever  combines 
with  more  than  one  equivalent  of  another,  it  is  reasonable 
to  assume  that  the  first  in  the  order  of  combination  are  the 
single  equivalents,  and  so  on  through  the  sequence.  This 
supposition  is  in  strict  accordance  with  the  atomic  theory 
of  combinations,  and  may  be  said  to  be  a  consequence  of  it. 

The  following  Table  will  shew  the  manner  in  which  all 
bodies  may  be  derived  from  the  common  root  H  C,  by  a 
series  of  continuous  combinations  or  permutations  ;  and  the 
table,  it  will  be  observed,  may  be  so  extended  as  to  com¬ 
prehend,  not  only  every  known  root,  but  every  possible 
combination. 


=  N0 
=  NO2 
=  NO3 
=  N04 
=  NO5 


TABLE  OF  CONTINUOUS  COMBINATIONS. 
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Of  the  roots  which  chemists  have  considered  to  be  well 
established,  and  to  perform  the  part  of  single  bodies,  in  so 
far  as  their  chemical  actions  are  concerned,  are 


Formyl,  .  =  H  C2 

Methyl,  .  —  H3  C2 

Acetyl,  .  =  I!4  C3 

Ethyl,  .  i=  H5  C4 

Amyl,  .  —  H11  C10 

&c. 


Now,  all  these  roots  will  be  found  in  their  several  places 
in  the  table,  each  derivable  by  a  series  of  continuous  com¬ 
binations  from  the  common  root  H  C.  Further,  the  for¬ 
mulae  of  these  bodies  may  be  reduced  to  a  simpler  expres¬ 
sion,  thus  : — 


Formyl, 

Methyl, 

Acetyl, 

Ethyl, 

Amyl, 


H 

C2 

— 

H 

C 

+ 

C 

H3 

C2 

=  2 

H 

C 

d" 

H 

H4 

c3 

=  3 

H 

C 

+ 

H 

H5 

c4 

=  4 

H 

c 

+ 

H 

H11 

C10 

=  10 

H 

c 

+ 

H 

&c. 


And  whichever  of  those  formulae  we  adopt  to  express  the 
root,  the  same  number  of  continuous  combinations  will  be 
required  to  form  it.  Thus,  the  expression  for  ethyl  being 
H5  C4,  it  will  be  seen  from  the  table,  that  8  successive  com¬ 
binations  must  have  taken  place,  namely,  H  +  C,  H  -t-  0  +  H, 
and  so  on  to  H5  C4.  If,  again,  we  adopt  the  second  expres¬ 
sion,  4  HC-fH,  we  have,  in  like  manner,  8  combinations, 
namely,  II  with  C  four  times,  and  these  roots,  again,  with 
one  another,  and,  lastly,  with  hydrogen,  to  form  4  H  C  +  H. 
Again,  ethyl,  II5  C4,  combines  with  1  equivalent  of  oxygen 
and  forms  ether,  H5  C4+0.  But  0  =  IP  C,  and  ether, 
therefore,  =  ]  F  C4  +  H2  0  — H7  C5.  Looking  to  the  table, 
we  shall  see  that  this  compound,  H7  C°,  is  produced  by  11 
successive  combinations  ;  and  we  shall  see,  that  if  we  re- 
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present  ether  by  E  +  0,  the  same  number  of  combinations  or 
permutations  is  required  to  produce,  1st,  ethyl,  2d,  oxygen, 
and  3d,  the  combination  of  oxygen  and  ethyl :  and  the  same 
thing  is  true  ot  any  other  compound  which  we  can  form,  or 
suppose  to  be  formed. 

I  have  thus,  I  conceive,  shewn,  that  the  bodies  termed 
simple,  are  not  simple  but  compound,  and  cannot  be  sepa¬ 
rated  fiom  other  chemical  products,  by  any  such  distinction 
as  simple  and  compound  ;  and  if  it  shall  be  admitted  that  we 
have  justly  arrived  at  this  conclusion,  and  that  all  bodies  in 
the  descending  order  may  be  resolved  into  two  of  their  own 
order,  H  and  G,  by  a  series  of  continuous  permutations,  then 
we  may  reduce  the  formula!  of  all  bodies  formed  of  these 
elements  to  a  simple  expression.  For  at,  representing  the 
unknown  co-efficient  of  the  root  II  C,  and  y  and  0  of  the 
elements  H  and  C  respectively,  the  following  formula  will 
represent  the  roots  themselves  and  every  possible  combina¬ 
tion  of  them  : — 


Thus,  if  x  be  1,  and  y  and  0,  0,  the  formula  will  repre¬ 
sent  the  root  H  C  ;  and  thus  the  following,  and  any  other 
combinations,  may  be  represented. 


Oxygen, 

H2 

Nitrogen, 

H2 

Phosphorus, 

H3 

Sulphur, 

H4 

I  luorine, 

H6 

Chlorine, 

H41 

Arsenic, 

H13 

Antimony, 

H16 

Bismuth, 

H23 

Copper, 

H15 

Tin, 

Lead, 

H19 

Silver, 

H24 

and  so 

C  =  H  C  +  H 
C2  =  2  H  C 
C2  =  2  II  C  +  H 
C2  =  2  H  C  +  H2 
C2  =  2  H  C  +  H4 
C4  =  4  H  C  +  H7 
C4  =  4HC  +  H9 
C8  =  8  II  C  +  H8 
C8  =  8  H  C  +  H15 
C8  =  8  H  C  +  H7 
C8  =  8  H  C  +  H2 
C14  =  14  H  C  +  H5 
C14  =  14  H  C  -f  H10 
on. 
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LAW  OF  CONTINUOUS  COMBINATIONS. 


1  have  now  brought  my  argument  to  a  conclusion  ;  and 
it  will  be  seen,  that,  on  the  suppositions  made,  the  xesult  is 
not  affected,  whether  we  commence  our  generalization  with 
the  roots  H,  C,  and  0,  formed  of  three  known  bodies,  or 
with  the  roots  H,  C,  formed  of  two  known  bodies,  or  whe¬ 
ther  we  derive  these  bodies  from  forms  of  matter  which 
we  represent  by  m  and  n,  or  from  a  form  of  matter  which 
we  represent  by  m  alone,  or  any  other  expression  for  an  un¬ 
known  quantity.  I  am  aware  that  many  important  conse¬ 
quences  must  follow  the  more  extended  generalization  ; 
but  I  have  not  felt  it  necessary,  for  the  purposes  of  my 
present  argument,  to  pursue  this  train  of  inquiry  to  its 
results.  I  am  contented  for  the  present  to  offer  such 
views  of  chemical  combinations  as  may,  in  the  existing 
state  of  our  knowledge,  be  reasonably  assented  to.  We 
are  not  the  less  likely  to  succeed  in  our  search  of  chemical 
truths,  that  we  advance  with  caution  from  particulars  to 
generals,  and  feel  the  ground  secure  beneath  us  as  we  pro¬ 
ceed.  Chemistry  may  be  said  to  be  at  present  in  that  state 
of  transition,  in  which  the  knowledge  of  facts  has  preceded 
the  knowledge  of  principles ;  but  we  cannot  doubt  that  in 
this,  as  in  other  branches  of  inductive  science,  the  dis¬ 
coverers  of  facts  will  be  overtaken  by  theory,  and  that  thus 
their  matchless  labours  will  be  reduced  to  method  and  form. 
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Callcott’s  Scripture  Herbal  -  -  ib. 

Dibdin’s  Sunday  Library  -  -  28 

Doddridge’s  Family  Expositor  -  8 

Englisliman’sH  eh.  &Chald. Concord.  8 
Ford’s  New  Devout  Communicant  9 

“  Century  of  Prayers  -  -  ih. 

Harcourt’s  Doctrine  of  the  Deluge  11 
Kippis’s  Collection  of  Hymns,  &c.  -  14 
Marriage  Gift  -----  19 
O’Sullivan  Of  the  Apostacy  pre¬ 
dicted  by  St.  Paul  -  22 
Parkes’s  Domestic  Duties  -  -  ih. 

Pearson’s  Prayers  for  Families  -  23 
Riddle’s  Letters  from  a  Godfather  -  25 
Robinson’s  Greek&EnglishLexicon 

to  the  New  Testament  ib. 
Sandford’s  EnglishFemaleWorthies  ib. 
“  Female  Improvement  -  26 

“  On  Woman  -  -  -  ib. 

Tate’s  History  of  St.  Paul  -  -  29 

Tayler’s  Dora  Melder  -  -  -  29 

“  Margaret ;  or,  the  Pearl  -  29 
Turner’s  Sacred  History  -  -  -  30 

Wardlaw’s  Sermons  -  -  -  31 

“  On  Socinian  Controversy  ib. 
White  On  the  Gospel  -  -  -  32 

RURAL  SPORTS. 

Bainbridge’s  Fly-fisher’s  Guide  -  3 

Blaine’s  Dictionary  of  Sports  -  4 

Hansard’s  Fishing  in  Wales  -  -  11 

Hawker’s  Instructions  to  Sportsmen  ib. 
Martingale’s  Sporting  Scenes  -  19 

Ronalds’s  Fly-fisher’s  Entomology  25 
Thacker’s  Courser’sRemembrancer  29 
“  Coursing  Rules  -  -  ib. 


TOPOGRAPHY  AND 
GUIDE  BOOKS. 

Adam’s  Gem  of  the  Peak 
Addison’s  History  of  the  Temple 
Church 

“  Guide  to  ditto 
Black’s  Tourist  of  England  - 
Britton’s  Picture  of  London  - 
Guide  to  all  the  Watering  Places  in 
Great  Britain  -  -  -  -  10 


-  ib. 

-  4 

-  6 


TRANSACTIONS  OF 
SOCIETIES. 

Transactions  of  the  Entomological 

Society  -  -  30 

a  Zoological  Society  ih. 

a  Linncean  Society  -  ib. 

“  Institution  of  Civil 

Engineers  -  ib. 

“  Royal  Institute  of 

British  Architects  ih. 

Proceedings  of  the  Zoological  Society  24 

TRAVELS. 

Allan’s  Mediterranean  -  -  -  3 

China,  Last  Year  in,  -  -  6 

De  Custine’s  Russia  -  -  -  7 

Harris’s  Highlands  of  -Ethiopia  -—11 
Laing’s  Notes  of  a  Traveller  -  -  15 

“  Residence  in  Norway  -  ib. 
“  Tour  in  Sweden  -  -  ib. 

Marryat’s  Travels  of  Mons.  Violet  -  19 

Posta'ns’s  Observations  on  Sindh  -  24 

Strong’s  Greece  as  a  Kingdom  -  28 

VETERINARY  MEDICINE 
AND  AFFAIRS. 

Field’s  Veterinary  Records  -  -  9 

Morton’s  Veterinary  Medicine  -  21 

“  “  Toxicological  Chart  ih. 

Percivall’s  Hippopathology  -  -  23 

“  Anatomy  of  the  Horse  -  ih. 
Spooner  On  the  Foot  and  Leg  of 

the  Horse  -  -  -  28 

“  On  the  Influenza  of  Horses  ib. 
Thomson’s  Animal  Chemistry  -  29 
Turner  On  the  Foot  of  the  Horse  -  31 
White’s  Veterinary  Art  -  32 

“  Cattle  Medicine  -  -  ib. 


CATALOGUE 


fyc. 


AIKIN.— THE  LIFE  OF  JOSEPH  ADDISON. 

Illustrated  by  many  of  his  Letters  and  Private  Papers  never  before  puuuoucu  ™ 
Aikin.  2  vols.  post  8vo.  with  Portrait  from  Sir  Godfrey  Kneller’s  Picture,  18s.  cloth. 


published.  By  Lucy 
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Addison!”— AthS^um!*18  am°de1’  and  ltS  pages  are  besides  enriched  by  many  hitherto  unpublished  betters  of 

ALLAN. -A  PICTORIAL  TOUR  IN  THE  MEDITERRANEAN  • 

Comprising  Malta,  Dalmatia,  Turkey,  Asia  Minor,  Grecian  Archipelago,  Egypt,  Nubia  Greece* 
Ionian  Islands,  Sicily,  Italy,  and  Spain.  By  J.  H.  Allan,  Member  of  the  Athenian  Archaeo¬ 
logical  society,  and  of  the  Egyptian  Society  of  Cairo.  Imperial  4to.  with  upwards  of  Forty 
Lithographed  Drawings,  and  70  Wood  Engravings,  ^3.  3s.  cloth.— Ready, 

ADAM.— THE  GEM  OF  THE  PEAK; 

rCrnCCA  inily :  011  Account  of  Derby;  a  Tour  from  Derby  to  Matlock; 

wfth  Maps  and  E“ngS  ^  A°“’  W 

ADDISON— THE  KNIGHTS  TEMPLARS. 

of  the  In“er  Temp,e-  2d  Edition- enlarsed’  cro™ 8TO- 

ADDISON.— THE  TEMPLE  CHURCH  IN  LONDON  • 

'‘UGr?  aml  Antiquities.  By  C.  G.  Add, son,  Esq.,  of  the  Inner  Temple  ;  Author  of 
The  Ilistoiy  of  the  Knights  Templars.”  Square  crown  8vo.  with  Sue  Plates,  5s.  cloth. 

ADDISON.— A  FULL  AND  COMPLETE  GUIDE,  HISTORICAL 

Dip  T  DES(^IPTI^’  J°  THE  TEMPLE  CHURCH.  (From  Mr.  Addison’s  “  History  of 
the  Temple  Church.”)  Square  crown  8vo.  Is.  sewed.  y 

HA  I  LI.  I  US  (JOANNA)  NEW  DRAMAS. 

3  vols.  8vo.  ^l.  16s.  boards. 

DA  MAIL'S  (JOANNA)  PLAYS  ON  THE  PASSIONS. 

3  vols.  8vo.  «6T.  lis.  6d.  boards. 

BAINBRIDGE.— THE  ELY-EISHER?S  GUIDE, 

coofed^iu! n^ N^tii Upresentin-  awards  of  40  of  the  most  useful  Flies,  accurately 
copied  from  Nature.  By  G.  C.  Bainbridge.  4th  Edition,  8vo.  10s.  6d.  cloth. 

BAKEWELL.— AN  INTRODUCTION  TO  GEOLOGY 

Intended  to  convey  Practical  Knowledge  of  the  Science,  and  comprising  the  most  important 
recent  discoveries ;  with  explanations  of  the  facts  and  phenomena  which  serve  to  confirm  or 
invalidate  various  Geological  Theories.  By  Robert  Bakewell.  Fifth  Edition,  considerably 
enlarged,  8vo.  with  numerous  Plates  and  Woodcuts,  21  s.  cloth.  y 

hayldon.-art  of  valuing  rents  and  tillages, 

vL  ,  i  I,l,lght  of  Entenn?  and  Quitting  Farms,  explained  by  several  Specimens  of 

AG  wAYr! +f1U  rAemUlvS  °n  Cultivation  pursued  on  Soils  in  different  Situations, 

aai  ted  to  the  Use  of  Landlords,  Land-Agents,  Appraisers,  Farmers,  and  Tenants.  By 

ChantplA^DpTHiftLEdltl0bn’+re'Lritten  and  enIar£ed’  by  JoHN  Donaldson.  With  a 
p  ei  on  the  Tithe-Commutation  Rent-Charge,  by  a  Gentleman  of  much  experience  on  the 
lithe  Commission.  8vo.  10s.  6d.  cloth. 
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CATALOGUE  OF  WORKS 


BAYLDON.— TREATISE  ON  THE  VALUATION  OF  PROPERTY 

FOR  THE  POOR’S  RATE;  shewing- the  Method  of  Rating  Lands,  Buildings,  Tithes,  Mines, 
Woods,  Navigable  Rivers  and  Canals,  and  Personal  Property  :  with  an  Abstract  of  the  Poor 
Laws  relating  to  Rates  and  Appeals.  By  J.  S.  Bayldon,  Author  of  “Rents  and  Tillages.” 

1  vol.  8vo.  7s.  6d.  boards. 

BAYNES— NOTES  AND  REFLECTIONS 

During  a  Ramble  in  the  EAST,  an  Overland  Journey  from  India,  Visit  to  Athens,  &c.  By 
C.  R.  Baynes,  Esq.  of  the  Madras  Civil  Service.  Post  8vo.  10s.  6d.  cloth. 

BEDFORD  CORRESPONDENCE.  -  CORRESPONDENCE  OF 

JOHN,  FOURTH  DUKE  OF  BEDFORD,  selected  from  the  Originals  at  Woburn  Abbey: 
with  Introductions  by  Lord  John  Russell. 

8 vo.  Vol.  1  (1742-48),  18s.  cloth ;  Vol.  2  (1749-60),  15s.  cloth. 

«  The  second  volume  of  this  publication  includes  a  correspondence  having  relation  to  the  period  from  the  Peace  of 
Aix-la-Chapelle  to  the  death  of  George  II.  Its  most  remarkable  portion  bears  upon  an  important  question  on  which 
there  exist  some  differences  of  opinion  at  the  present  time,  viz.  the  intrigues  which  led  to  the  junction  of  the  Duke  of 
Newcastle  and  Pitt,  in  1757.  The  letters  respecting  the  state  of  Ireland  under  the  A  iceroyalty  oi  the  Du.te  oi  Bedtord, 
also  here,  are  not  a  little  interesting.” — Morning  Herald. 

***  Vol.  3,  to  complete  the  work,  is  in  preparation. 

BELL.  -  THE  LORD’S  PRAYER  AND  THE  BELIEF 

ILLUSTRATED,  in  a  Series  of  Compositions.  By  John  Bell,  Sculptor.  4to.  8s.  6d.  cloth. 

*  *  The  above  ftwm  Nos.  1  and  2  of  Mr.  Bell’s  “  Series  of  Compositions  from  the  Liturgy,”  and 
may  be  had  separately,  3s.  each.  Published  Monthly.  No.  3  on  Jan.  I. 

BELL.— LIVES  OF  THE  MOST  EMINENT  ENGLISH  POETS. 

By  Robert  Bell,  Esq.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

BELL.-THE  HISTORY  OF  RUSSIA, 

From  the  Earliest  Period  to  the  Treaty  of  Tilsit.  By  Robert  Bell,  Esq.  3  vols.  fcp.  8vo. 
with  Vignette  Titles,  18s.  cloth. 

BELLAMY.— THE  HOLY  BIBLE, 

Newly  Translated  from  the  Original  Hebrew  only. 


By  J.  Bella  m  y.  4to.  Parts  1  to  8. 


il 


BIOGRAPHICAL  DICTIONARY 

Of  the  Society  for  the  Diffusion  of  Useful  Knowledge.  To  be  continued  Quarterly,  in  Half¬ 
volumes.— Half-volumes  1  to  4,  8vo.  12s. 

Vol.  3,  Part  1—  Antelmi  to  Aristophanes,  8vo.  12s.  cloth. 

***  Continued  Quarterly.— The  work  will  probably  not  exceed  Thirty  Volumes. 

“  This  work  proceeds  in  a  satisfactory  manner.  The  number  of  new  names  is  very  considerable ;  and  in  the 
articles  which  we  have  read,  and  of  which  we  have  been  able  to  form  an  opinion,  we  have  sometimes  gained  new 
information,  and  at  others  have  seen  the  errors  of  former  authorities  satisfactorily  corrected.”— British  Magazine. 

BISCHOFF.— PHYSICAL,  CHEMICAL,  AND  GEOLOGICAL 

RESEARCHES  on  the  Internal  Heat  of  the  Globe.  By  Gustav  Bischoff,  Pli.D.  Professor 
of  Chemistry  in  the  University  of  Bonn.  2  vols.  Vol.  1,  8vo.  Plates  and  Woodcuts,  10s.  bds. 

BLACK’S  PICTURESQUE  TOURIST, 

And  Road-Book  of  England  and  Wales :  with  a  general  Travelling  Map,  Charts  of  Roads, 
Railroads,  and  interesting  Localities,  and  engraved  Views  of  the  Scenery.  Fcp.  8vo.  10s.  6d.  cl. 

BLAINE.— AN  ENCYCLOPEDIA  OF  RURAL  SPORTS ; 

Or,  a  complete  Account,  Historical,  Practical,  and  Descriptive,  of  Hunting,  Shooting,  Fishing, 
Racing,  and  other  Field  Sports  and  Athletic  Amusements  of  the  present  day.  By  Delabere 
P.  Blaine,  Esq.  Author  of  “Outlines  of  the  Veterinary  Art,”  “  Canine  Pathology,”  &c.  &c. 
Illustrated  by  nearly  600  Engravings  on  Wood,  by  R.  Branston,  from  Drawings  by  Aiken, 
T.  Landseer,  Dickes,  &c.  1  thick  vol.  8vo.  pp.  1256,  £2.  10s.  bound  in  fancy  cloth. 

BLAIR’S  CHRONOLOGICAL  TABLES, 

From  the  Creation  to  the  present  time.  A  new  edition,  carefully  corrected,  enlarged,  and 
brought  down  to  the  present  time ;  and  prinied  in  a  convenient  form.  Under  the  revision  ot 
Sir  Henry  Ellis,  K.H.  Principal  Librarian  of  the  British  Museum.  Roy.  8vo  —Just  ready. 

BLOOMFIELD.— HISTORY  OF  THE  PELOPONNESIAN  WAR. 

By  Thucydides.  Newly  translated  into  English,  and  accompanied  with  very  copious  Notes, 
Philological  and  Explanatory,  Historical  and  Geographical.  By  the  Rev.  S.  T.  Bloomfield, 
D.D.  F.S.A.  3  vols.  8 vo.  with  Maps  and  Plates,  £2.  5s.  boards. 
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BLOOMHELD.— HISTORY  OF  THE  PELOPONNESIAN  W\P 

By  Thucydides.  A  New  Recension  of  the  Text,  with  a  carrfWly  amended Punctuation^nd 
copious  Notes,  Critical  Philological,  and  Explanatory,  almost  entirely 01SS™  ut  mrtlv 
selected  and  arranged  from  the  best  Expositors:  accompanied  with  fulT Indexes  both  5 
Wpd  h  M  an  i  !lrases  explamed’  and  matters  discussed  in  the  Notes.  The  whole  illus 
D.D.  F.l.A.aP2  Vo"!  evTss^ Sr611  ^  By  the  ReV'  S' T*  Bloomfield, 

***  Separate1^  Vol>  h  18s.  cloth ;  Vol.  2,  just  published,  and  completing  the  work,  20s.  cloth. 

BLOOMFIELD.— THE  GREEK  TESTAMENT  • 

With  copious  English  Notes,  Critical,  Philological,  and  Explanatory.  Bv  the  Rev  s  T 
omfield,  D.D.  F.S.A.  3d  Edit,  improved,  2  vols.  8vo.  with  a  Map  of  Palestine,  40s!  cloth! 

BLOOMFIELD.  COLLEGE  &  SCHOOL  GREEK  TESTAMENT  * 

With  English  Notes.  By  the  Rev.  S.  T.  Bloomfield,  D.D.  ad  idRion Yreatf  enlanLf 
and  very  considerably  improved,  12mo.  10s.  6d.  cloth.  ^  y  en,aibed’ 

BLOOMFIELD— GREEK  AND  ENGLISH  LEXICON  TO  THE 

X  ^  *”'"1  f°r  StUde"tS  h'  «eneral- 

BOY’S  OWN  BOOK  (THE) : 

hoo(Und%eo^yC.mfMa,0f  Diversions>  Athletic,  Scientific,  and  Recreative,  of  Boy- 

u  i.  19th  Edition,  square  12mo.  with  many  Engravings  on  Wood,  8s.  6d.  boards. 

BRANDE.-A  DICTIONARY  OF  SCIENCE,  LITERATURE 

AND  ART;  comprising  the  History,  Description,  and  Scientific  Principles  of  everv  Branch 
of  Humun  Knowledge;  with  the  Derivation  and  Definition  of  all  the  Terms  in  General  Use 
Edited  by  W.  T.  Brands,  F.R.S.L.  &  E. ;  assisted  by  Joseph  Cauvin,  Esq.  The  various 
departments  are  by  Gentlemen  of  eminence  in  each,  l  very  thick  vol.  8vo.  pp.  1352,  illustrated 
by  Wood  Engravings,  ^3,  bound  in  cloth.  London,  1842. 

BRAY.— THE  PHILOSOPHY  OF  NECESSITY- 

Or,  the  Law  of  Consequences  as  applicable  to  Mental,  Moral,  and  Social  Science 
Bray.  2  vols.  8vo.  15s.  cloth.  ence. 

BREWSTER.— TREATISE  ON  OPTICS. 


By  Charles 


By  Sir  David  Brewster,  LL.D.  F.R.S.,  &c. 
and  176  Woodcuts,  6s.  cloth. 


New  Edition.  J  vol.  fcp.  8vo.  Vignette  Title, 


BRITTON.-THE  ORIGINAL  PICTURE  OF  LONDON : 

With  a  Description  of  its  Environs.  Re-edited,  and  mostly  re-written,  by  J.  Britton 

F'S;N  &(A  8th  Mltl0n,  Wlth  lWards  of  100  Views  of  Public  Buildings,  Plan  of  the  Streets’ 
and  Two  Maps,  18mo.  9s.  neatly  bound;  with  the  Maps  only,  6s.  bound.  ’ 

BULL.— HINTS  TO  MOTHERS, 

For  the  Management  of  Health  during  the  Period  of  Pregnancy  and  in  the  Lying-in  Room  • 

aiLEx?0SUre  0f  Popular  Errors  in  connection  with  those  subjects.  By  Thomas  Bull’ 
M.D.  Physician  Accoucheur  to  the  Finsbury  Midwifery  Institution,  &c.  &c.  3d  Edition’ 
1  vol.  fcp.  8vo.  enlarged,  pp.  336,  7s.  cloth.  London,  1841. 

BULL.— THE  MATERNAL  MANAGEMENT  OF  CHILDREN 

in  HEALTH  and  DISEASE.  By  T.  Bull,  M.D.  Fcp.  8vo.  7s.  cloth.  ? 

“  Excellent  guides,  and  deserve  to  be  generally  known.”— Johnson’s  Medico-Chirurgical  Review. 


BURDER.— ORIENTAL  CUSTOMS, 

Applied  to  the  Illustration  of  the  Sacred  Scriptures, 
with  additions,  fcp.  8vo.  8s.  6d.  cloth. 


By  Samuel  Burdeii,  A.M.  3d  Edit. 


Houses  and  Tents— Marriage— Children— Servants— Food  and  Drink— Dress  and  Clothing— 
Presents  and  Visiting— Amusements— Books  and  Letters— Hospitality— Travelling— Respect 
and  Honour— Agriculture— Cattle  and  Beasts- Birds,  Insects,  and  Reptiles— Fruit  and  Wine 
—Kings  and  Government— War— Punishments— Religion— ’Time  and  Seasons— Medicine— 
r  unerals,  &c* 


BURNS.-THE  PRINCIPLES  OF  CHRISTIAN  PHILOSOPHY ; 


containing’  the  Doctrines,  Duties,  Admonitions,  and  Consolations  of  the  Christian  Religion. 
By  John  Burns,  M.D.  F.R.S.  5th  Edition,  12mo.  7s.  boards. 

Man  is  created  for  a  Future  State  of  Happiness ;  on  the  Means  by  which  a  Future  State  of 
Happiness  is  procured;  of  what  is  required  of  Man  that  he  may  obtain  a  Future  State  of 
Happiness ;  of  the  Nature  of  the  Future  State  of  Happiness ;  of  the  Preparation  for  the  Future 
State  of  Happiness  ;  of  Personal  Duties  ;  of  Relative  Duties  ;  of  the  Duties  Men  owe  to  God  ; 
of  the  Admonitions  and  Consolations  afforded  by  the  Christian  Religion. 

BUTLER— SKETCH  OF  ANCIENT  &  MODERN  GEOGRAPHY. 

By  Samuel  Butler,  D.D.  late  Lord  Bishop  of  Lichfield  and  Coventry;  and  formerly  Head 
Master  of  Shrewsbury  School.  New  Edition,  revised  by  his  Son,  8vo.  9s.  boards. 

TBg  present  edition  tins  been  carefully  revised  by  the  author’s  son,  find  such  al  teratious  introduced  us  continually 
progressive  discoveries  and  the  latest  information  rendered  necessary.  Recent  Travels  have  been  constantly  con¬ 
sulted  where  any  doubt  or  difficulty  seemed  to  require  it;  and  some  additional  matter  has  Been  added,  both  in  the 
ancient  and  modern  part. 

BUTLER.— ATLAS  OF  MODERN  GEOGRAPHY. 

By  the  late  Dr.  Butler,  New  Edition ;  consisting  of  Twenty-three  coloured  Maps,  from  a 
New  Set  of  Plates.  8vo.  with  Index,  12s.  half-bound. 

BUTLER.— ATLAS  OF  ANCIENT  GEOGRAPHY ; 

Consisting  of  Twenty-three  coloured  Maps.  With  Index.  By  the  late  Dr.  Butler.  New 
Edition.  8vo.  12s.  half-bound. 

***  The  above  two  Atlases  may  be  had,  half-bound,  in  One  Volume,  in  4to.  price  24s. 

CALLCOTT.— A  SCRIPTURE  HERBAL. 

With  upwards  of  120  Wood  Engravings.  By  Lady  Callcott.  Square  crown  8vo.  pp.  568, 

.s6T.  5s.  cloth.  ,,  .  ,  ,  .  , 

«  The  last  two  y@ars  of  her  life  were  devoted  to  drawing  the  specimens  of  the  plants,  and  collecting  the  best  works 
on  botany,  so  as  to  furnish  materials  for  her  last  hook — ‘  The  Scripture  Herbal’  the  design  and  character  of  which  is 
as  creditable  to  her  philanthropy  as  its  origin  is  honourable  to  the  extent  of  her  Biblical  studies.  The  easy  grar  e 
fulness  of  its  style,  and  its  elegant  embellishments ,  may  lead  many  an  inhabitant  of  the  drawing-room  or  boudoir  to 
f  look  from  Nature  up  to  Nature’s  God,’  to  study  his  ‘  unwritten  laws’  in  the  natural  world,  m  connection  with  the 

•  j  j i i  x:  „  „  ^  TV  f  T  .  a  rw  U’  \  t  r  cnTT  i  n  f  H  p  At'3'NTTTAT,  T^TOGTLAPTTY  lOT  18*42. 


written  law  of  revelation.’*— From  a  Memoir  of  Lady  Callcott,  in  the  Annual  Biography  for  1842. 

CATLOW.— POPULAR  C0NCI10L0GY; 

Or,  the  Shell  Cabinet  arranged:  being  an  Introduction  to  the  Modern  System  of  Conchology : 
with  a  sketch  of  the  Natural  History  of  the  Animals,  an  account  of  the  Formation  of  the  Shells, 
and  a  complete  Descriptive  List  of  the  Families  and  Genera,  By  Agnes  Catlow.  Fcp.  8vo. 
with  312  Woodcuts,  10s,  6d.  cloth. 

CAYENDISIl’S  (SIR  HENRY)  DEBATES  OF  THE  HOUSE  OF 

COMMONS,  during  the  Thirteenth  Parliament  of  Great  Britain,  commonly  called  the 
Unreported  Parliament.  To  which  are  appended,  Illustrations  of  the  Parliamentary  History 
of  the  Reign  of  George  III.,  consisting  of  Unpublished  Letters,  Private  Journals,  Memoirs, 
&c.  Drawn  up  from  the  Original  MSS.,  by  J.  Wright,  Esq.,  Editor  of  the  Parliamentary 
History  of  England.  In  4  vols.  royal  8vo.  Vol.  1  is  now  ready,  25s.  cloth.  This  work  is 
also  published  in  Parts,  6s.  each,  of  which  six  are  now  published. 

<<  These  Reports  (1768—1774)  constitute  a  valuable  addition  to  Hansard’s  Debates,  and  contain  much  curious 
matter — inter  alia,  upwards  of  one  hundred  new  speeches  of  Burke  ;  they,  in  fact,  go  far  to  fill  up  a  hitherto  hopeless 
gap  in  out  Parliamentary  history — and  the  publication,  with  its  important  appendices,  does  great  honour  to  tho 
skill  and  industry  of  the  discoverer  and  editor.”— Quarterly  Review. 

CHALENOR.— POETICAL  REMAINS  OF  MARY  CHALENOR. 

Fcp.  8vo.  4s.  cloth, 

CHALENOR.— AY ALTER  GRAY, 

A  Ballad,  and  other  Poems ;  including  the  Poetical  Remains  of  Mary  Chalenor.  2d  Edition, 
with  Additions,  fcp.  8vo.  6s,  cloth. 

«  The  poems  are  sweetly  natural ;  and,  though  on  topics  often  sung,  breathe  a  tenderness  and  melancholy  which 
are  at  once  soothing  and  consolatory.”— Literary  Gasette. 

CHINA— THE  LAST  YEAR  IN  CHINA, 

To  the  Peace  of  Nanking:  as  sketched  in  Letters  to  his  Friends,  by  a  Field  Officer  actively 
employed  in  that  Country.  With  a  few  concluding  Remarks  on  our  Past  and  Future  Policy 
in  China.  2d  edition,  revised.  Fcp.  8vo.  with  Map,  7s.  cloth. 

CHINESE  NOVEL -RAMBLES  OF  THE  EMPEROR  CUING 

Tih  in  Keang  Nan:  a  Chinese  Tale.  Translated  by  Tkin  Slien  ;  with  a  Preface  by  James 
Legge,  D.D.  2  vols.  post  8vo.  21s.  cloth. 

“  These  rambles  of  the  Haroun  Alraschid  of  the  Celestial  Empire  give  a  very  curious,  and,  at  the  present  moment, 
a  peculiarly  interesting  view  of  Chinese  opinions,  usages,  and  institutions.” — T  ait’s  Magazine. 

CLAVERS.— FOREST  LIFE. 

By  Mary  Clavers,  an  Actual  Settler ;  Author  of  “A  New  Home,  Who  ’ll  Follow?”  2  vols. 
fcp.  8vo.  pp.  642,  12s.  cloth. 
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COLTON  -LACON ;  OR,  MANY  THINGS  IN  LEW  WORDS. 

By  the  Rev.  C.  C.  Colton.  New  Edition,  8vo.  12s.  cloth. 

CONVERSATIONS  ON  BOTANY. 

9th  Edition,  improved,  pp.  302,  fcp.  8vo.  with  22  Plates,  7s.  6d.  cloth ;  with  the  plates  coloured, 
12s.  cloth. 

The  object  of  this  work  is  to  enable  children  and  young  persons  to  acquire  a  knowledge  of  the  vegetable  produc¬ 
tions  of  their  native  country,  by  introducing  to  them,  in  a  familiar  manner,  the  principles  of  the  Linntean  System  of 
Botany.  For  this  purpose,  the  arrangement  of  Linnaeus  is  briefly  explained  ;  a  native  plant  of  each  class  with  a 
few  exceptions,  is  examined,  and  illustrated  by  an  engraving";  a  short  account  is  added  of  some  of  the  principal 
foreign  species.  1 

CONVERSATIONS  ON  MINERALOGY. 

With  Plates,  engraved  by  Mr.  and  Mrs.  Lowry,  from  Original  Drawings.  3d  Edition,  en¬ 
larged.  2vols.  12mo.  14s.  cloth. 

COOLEY— THE  HISTORY  OF  MARITIME  AND  INLAND 

DISCOVERY.  By  W.  D.  Cooley,  Esq.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

COPLAND— A  DICTIONARY  OF  PRACTICAL  MEDICINE; 

comprising  General  Pathology,  the  Nature  and  Treatment  of  Diseases,  Morbid  Structures, 
and  the  Disorders  especially  incidental  to  Climates,  to  Sex,  and  to  the  different  Epochs  of 
Life,  with  numerous  approved  Formulas  of  the  Medicines  recommended.  By  James  Copland, 
M.D.,  Consulting  Physician  to  Queen  Charlotte’s  Lying-in  Hospital ;  Senior  Physician  to  the 
Royal  Infirmary  for  Children  ;  Member  of  the  Royal  College  of  Physicians,  London;  of  the 
Medical  and  Chirurgical  Societies  of  London  and  Berlin,  &c.  Publishing  in  parts,  of  which 
the  9th  will  be  published  December  1st. 

CROCKER’S  ELEMENTS  OF  LAND  SURVEYING. 

Fifth  Edition,  corrected  throughout,  and  considerably  improved  and  modernized,  by  T.  G. 
Bunt,  Land  Surveyor,  Bristol.  To  which  are  added,  TxVBLES  OF  SIX-FIGURE  LOGA¬ 
RITHMS,  &c.,  superintended  by  Richard  Farley,  of  the  Nautical  Almanac  Establishment. 
1  vol.  post  8vo.  12s.  cloth. 

***  The  -work  throughout  is  entirely  revised,  qnd  much  new  matter  has  been  added  ;  there  are  new  chapters  con¬ 
taining  very  full  and  minute  Directions  relating  to  the  modern  Practice  of  Surveying,  both  with  and  without  tfie  aid 
of  angular  instruments.  The  method  of  Plotting  Estates,  and  Casting  or  Computing  their  Areas,  are  described,  &c. 
&c.  The  chapter  on  Levelling  also  is  new. 

CROWE.— THE  HISTORY  OF  FRANCE, 

From  the  Earliest  Period  to  the  Abdication  of  Napoleon.  By  E.  E.  Crowe,  Esq.  3  vols.  fcp. 
8vo.  with  Vignette  Titles,  18s.  cloth. 

DAVY  (SIR  HUMPHRY) -AGRICULTURAL  CHEMISTRY: 

With  Notes  by  Dr.  John  Davy.  6th  Edition,  8vo.  with  10  Plates,  15s.  cloth. 

Contents  .--^-Introduction  —  The  General  Powers  of  Matter  which  influence  Vegetation  —  The  Organization  of 
Plants — Soils— Nature  and  Constitution  of  the  Atmosphere,  and  its  influence  on  Vegetables—  M;uiures~of  Vegetable 
and  Animal  Origin -Manures  of  Mineral  Origin,  or  Fossil  Manures — Improvement  of  Lands  by  Burnin"-— Experi¬ 
ments  on  the  Nutritive  Qualities  of  different  Grasses,  &c.  ° 

DE  CUSTINE.— THE  EMPIRE  OF  THE  CZAR; 

Or,  Observations  on  the  Social,  Political,  and  Religious  State  of  Russia,  and  its  Prospects,  made 
during  a  Journey  through  that  Empire.  By  the  Marquis  De  Custine.  Translated  from  the 
French.  3  vols.  post  8vo.  31s.  6d.  cloth. 

“  M.  De  Custine  has  exhibited  some  new  views  on  Russia  in  a  striking  and  attractive  way.  To  the  Frenchman's 
sparkling  vivacity  of  manner  he  adds  his  skill  in  seizing  upon  the  incidents  of  action,  the  features  of  character 
or  the  points  of  things,  and  presenting  them  with  an  attractive  or  imposing  effect.  The  aristocratical  opinions  of 
M.  De  Custine  also  impart  a  character  to  his  sentiments  ;  as  his  politeness  refines  his  taste  and  gives  an  air  of  de¬ 
corum  to  his  morals,  without  modifying  his  French  confidence.” — Spectator. 

“  A  remarkable  book,  full  of  lively,  curious,  extractable  matter.  The  Marquis  is  a  clever,  spirited  writer ;  and  his 
point  and  brilliancy  are  kept,  his  happy  hits  given,  and  his  vehement  indignation  in  no  way  compromised,  in  this 
excellent  translation.” — Examin e r. 

DE  LA  BECHE.— REPORT  ON  THE  GEOLOGY  OF  C0RN- 

WALI.,  DEVON,  and  WEST  SOMERSET.  By  Henry  T.  De  la  Beche,  F.R.S.  &c.. 
Director  of  the  Ordnance  Geological  Survey.  Published  by  Order  of  the  Lords  Commissioners 
of  H.M.  Treasury.  8vo.  with  Maps,  Woodcuts,  and  12  large  Pates,  14s.  cloth. 

DE  MORGAN.-AN  ESSAY  ON  PROBABILITIES, 

And  on  their  Application  to  Life  Contingencies  and  Insurance  Offices.  By  Aug.  de  Morgan 
of  Trinity  College,  Cambridge.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

DENDY.— THE  PHILOSOPHY  0E  MYSTERY. 

By  W.  C.  Dendy.  1  vol.  8vo.  12s.  cloth. 

DOCTOR  (THE),  &c. 

5vols.  post  8vo.  £2.  12s.  6d.  cloth. 

<C  Admirably  as  the  mystery  of  the  (  Doctor’  has  been  preserved  up  tb  the  present  moment,  there  is  no  longer  any 
reason  lor  affecting  secresy  on  the  subject.  The  author  is  Robert  Southey  :  he  acknowledged  the  fact  shortly  before 
his  last  illness  to  his  most  confidential  friend,  an  M.P.  of  high  character.  In  a  private  letter  from  Mrs.  Southey, 
dated  February  Jl ,  1843,  she  not  only  states  the  fact,  but  adds  that  the  greater  part  of  a  sixth  volume  had  gone 
through  the  press,  and  that  Southey  looked  forward  to  the  pleasure  of  drawing  her  into  it  as  a  contributor  ;  giving  her 
rull  authority  to  affirm  that  her  husband  is  the  author.” — Robert  Bell  ,Ksq,.  in  The  Story  Teller  JSTo.  L 
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DODDRIDGE -THE  FAMILY  EXPOSITOR; 

Or,  a  Paraphrase  and  Version  of  the  New  Testament :  with  Critical  Notes,  and  a  Practical 
Improvement  of  each  Section.  By  P.  Doddridge,  D.D.  To  which  is  prefixed,  a  Life  of  the 
|  Author,  by  A.  Kippis,  D.D.  F.R.S.  and  S.A.  New  Edition,  4  vols.  8vo.  £\.  16s.  cloth. 

t  DONOVAN.-TREATISE  ON  CHEMISTRY. 

By  M.  Donovan,  M.R.I.A.  Fourth  Edition,  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

DONOVAN.-A  TREATISE  ON  DOMESTIC  ECONOMY. 

By  M.  Donovan,  Esq.  M.R.I.A.  Professor  of  Chemistry  to  the  Company  of  Apothecaries  in 
Ireland.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

DOVER.— -LIFE  OF  FREDERICK  II.  KING  OF  PRUSSIA. 

By  Loud  Dover.  2d  Edition,  2  vols.  8vo.  with  Portrait,  28s.  boards. 

DRUMMOND.-FIRST  STEPS  TO  BOTANY, 

Intended  as  popular  Illustrations  of  the  Science,  leading  to  its  study  as  a  branch  of  general 
education.  By  J.  L.  Drummond,  M.D.  4th  Edit.  l2mo.  with  numerous  Woodcuts,  9s.  bds. 

DUHRING.— THE  ART  OF  LIVING. 

By  Dr.  H.  Duhring.  Post  8vo.  5s.  cloth. 

“  Happy  is  life,  when  sound  health,  pure  feelings,  rational  thoughts,  and  noble  deeds,  combine  to  exalt  its  earthly 
l  course.  Then  man  almost  reveals  in  himself  the  image  of  his  Deity,  and  his  home  becomes  a  Paradise.” 

DUNHAM.-THE  HISTORY  OF  THE  GERMANIC  EMPIRE. 

By  Dr.  Dunham.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

DUNHAM.— HISTORY  OF  EUROPE  DURING  THE  MIDDLE 

i  AGES.  By  Dr.  Dunham.  4  vols.  fcp.  8vo.  with  Vignette  Titles,  ^1.  4s.  cloth. 

DUNHAM.-THE  HISTORY  OF  SPAIN  AND  PORTUGAL. 

By  Dr.  Dunham.  5  vols.  fcp.  8vo.  with  Vignette  Titles,  aSl.  10s.  cloth. 

DUNHAM.-THE  HISTORY  OF  DENMARK,  SWEDEN,  AND 

j  NORWAY.  By  Dr.  Dunham.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

DUNHAM.-THE  HISTORY  OF  POLAND. 

By  Dr.  Dunham.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

DUNHAM.-THE  LIVES  OF  THE  EARLY  WRITERS  OF  i 

GREAT  BRITAIN.  By  Dr.  Dunham,  R.  Bell,  Esq.  &c.  1  vol.  fcp.  8vo.  with  Vignette  i 

Title,  6s.  cloth. 

DUNHAM,  &C.-THE  LIVES  OF  BRITISH  DRAMATISTS.  1 

By  Dr.  Dunham,  R.  Bell,  Esq.  &c.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

EGERTON.-A  TREATISE  ON  PHOTOGRAPHY; 

Containing  the  latest  Discoveries  appertaining  to  the  Daguerreotype.  Compiled  from  Com¬ 
munications  by  MM.  Daguerre  and  Arago,  and  other  Eminent  Men  of  Science.  By  N.  P. 
Lerebours,  Optician  to  the  Observatory,  Paris,  &c.  Translated  by  J.  Egerton.  Post  8vo. 
with  Plate  of  Apparatus,  7s.  6d.  cloth. 

ELLIOTSON.— HUMAN  PHYSIOLOGY :  i 

With  which  is  incorporated  much  of  the  elementary  part  of  the  “  Institutiones  Physiologicas”  , 
of  J.  F.  Blumenbach,  Professor  in  the  University  of  Gottingen.  By  John  Elliotson,  M.D. 
Cantab.  F.R.S.  Fifth  Edition,  8vo.  with  numerous  Woodcuts,  ^2.  2s.  cloth. 

ENGLISHMAN’S  HEBREW  AND  CHALDEE  CONCORDANCE 

of  the  OLD  TESTAMENT  ;  being  an  attempt  at  a  Verbal  Connection  between  the  Original 
and  the  English  Translations :  with  Indexes,  a  List  of  the  Proper  Names  and  their  occur¬ 
rences,  &c.  &c.  2  vols.  royal  8vo.  cloth,  ^3.  13s.  6d. ;  large  paper,  ^4.  14s.  6d. 
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FARE!.— A  TREATISE  ON  THE  STEAM  ENGINE 

Historical,  Practical,  and  Descriptive.  By  John  Farey,  Engineer.  4to.  Illustrated  by 
numerous  Woodcuts,  and  25  Copper-plates,  s 65 .  5s.  boards. 

FERGUS.— HISTORY  OF  THE  UNITED  STATES  OF  AMERICA 

From  tlie  Discovery  of  America  to  the  Election  of  General  Jackson  to  the  Presidency.  By  the 
Rev.  H.  Fergus.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

FIELD.  —  POSTHUMOUS  EXTRACTS  FROM  THE 


Edited  by  his  Brother, 


VETERINARY  RECORDS  OF  THE  LATE  JOHN  FIELD. 

William  Field,  Veterinary  Surgeon,  London.  8vo.  8s.  boards. 

%'.,Trf:Se  I\ecords  consist  °f  Selections  from  a  vast  number  of  Manuscript  papers  and  cases,  extending  over  a 
period  of  twenty  years,  and  treat  of  most  of  the  diseases  incidental  to  Horses.  b 

FORD.— THE  NEW  DEVOUT  COMMUNICANT, 

According  to  the  Church  of  England;  containing  an  Account  of  the  Institution,  Prayers,  and 
Meditations,  before  and  after  the  Administration,  and  a  Companion  at  the  Lord’s  Table.  By 
the  Rev.  James  Ford,  B.D.  7tli  Edition,  18mo.  2s.  6d.  bound  in  cloth,  with  gilt  edges- 
fcp.  8vo.  3s.  6d.  bound.  ’ 

FORD.— A  CENTURY  OF  CHRISTIAN  PRAYERS, 

On  FAITH,  HOPE,  and  CHARITY ;  with  a  Morning  and  Evening  Devotion.  By  the  Rev. 
James  Ford,  B.D.  3d  Edition,  18mo.  4s.  cloth. 

FORSTER.— THE  STATESMEN  OF  THE  COMMONWEALTH 

OF  ENGLAND.  With  an  Introductory  Treatise  on  the  Popular  Progress  in  English  History. 
By  John  Forster,  Esq.  5  vols.  fcp.  8vo.  with  Original  Portraits  of  Pym,  Eliot,  Hampden, 
Cromwell,  and  an  Historical  Scene  after  a  Picture  by  Cattermole,  £1.  10s.  cloth. 

The  Introductory  Treatise,  intended  as  an  Introduction  to  the  Study  of  the  Great  Civil  War  in 
the  Seventeenth  Century,  separately,  2s.  6d.  sewed. 

The  above  5  vols.  form  Mr.  Forster’s  portion  of  the  Lives  of  Eminent  British  Statesmen,  by  Sir 

T- R  Courte"ay’ and  ,otm  Forster’ Esq-  7  vols-  “• 

FOSBROKE.— A  TREATISE  ON  THE  ARTS,  MANNERS, 

MANUFACTURES,  and  INSTITUTIONS  of  the  GREEKS  and  ROMANS.  By  the  Rev. 
T.  D.  Fosbroke,  &c.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

FRAN IvUM.— DISCOURSE  ON  THE  ENLARGED  AND 

PENDULOUS  ABDOMEN,  showing  it  to  be  a  visceral  affection  attended  with  important 
consequences  in  the  Human  Economy ;  with  cursory  Observations  on  Diet,  Exercise,  and  the 
General  Management  of  Health  :  for  the  use  of  the  Dyspeptic.  By  Richard  Frankum,  Esq 
Surgeon. 

The  Second  Edition,  augmented,  with  a  Dissertation  on  Gout,  suggestingnewphysiological  views 
as  to  its  Cause,  Prevention,  and  the  best  Course  of  Treatment.  Fcp.  8vo.  pp.  126,  5s.  cloth. 

GLEIG.— LIVES  OF  MOST  EMINENT  BRITISH  MILITARY 

COMMANDERS.  By  the  Rev.  G.  R.  Gleig;  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

GLENDINNING— PRACTICAL  HINTS  ON  THE  CULTURE 

OF  THE  PINE  APPLE.  By  R.  Glendinning,  Gardener  to  the  Right  Hon.  Lord  Rolle 
Bicton.  12mo.  with  Plan  of  a  Pinery,  5s.  cloth.  ’ 

GOOD.— THE  BOOK  OF  NATURE. 

A  Popular  Illustration  of  the  General  Laws  and  Phenomena  of  Creation.  By  John  Mason 
Good,  M.D.  F.R.S.,  &c.  Third  Edition,  corrected,  3  vols.  fcp.  8vo.  24s.  cloth. 

GRAHAM— ENGLISH ;  OR,  THE  ART  OF  COMPOSITION 

explained  m  a  Series  of  Instructions  and  Examples.  By  G.  F.  Graham.  Fcp.  8vo.  pp.  348, 
7s.  cloth. 

GRAHAM.-HELPS  TO  ENGLISH  GRAMMAR ; 

Oi,  Easy  Exercises  for  Young  Children.  By  G.  F.  Graham.  Illustrated  by  Engravings  on 
Wood.  Fcp.  8vo.  cloth,  3s. 

“  Mr.  Graham’s 
which  it  contains  : 
are  designed.  Thi 

action  or  motion,  between  persons  and  things,  is  a  happy  idea.”. — I3.rigiiton  Gazette. 
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GRATTAN.-THE  HISTORY  OE  THE  NETHERLANDS, 

From  the  Invasion  by  the  Romans  to  the  Belgian  Revolution  in  1830.  By  T.  C.  Grattan, 
Esq.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

GRAY-FIGURES  OF  MOLLUSCOUS  ANIMALS, 

Selected  from  various  Authors.  Etched  for  the  Use  of  Students.  By  Maria  Emma  Gray. 
Vol.  I.  pp.  40,  with  78  plates  of  Figures,  12s.  cloth. 

THE  GENERA  OF  BIRDS ; 

Comprising  their  Generic  Characters,  a  Notice  of  the  Habits  of  each  Genus,  and  an  extensive 
List  of  Species,  referred  to  their  several  Genera.  By  George  Robert  Gray,  Acad.  Imp. 
Georg.  Florent.  Soc.  Corresp.  Senior  Assistant  of  the  Zoological  Department,  British  Museum  ; 
and  Author  of  the  “  List  of  the  Genea  of  Birds,”  &c.  &c.  Illustrated  with  Three  Hundred 
and  Fifty  imperial  quarto  Plates,  by  David  William  Mitchell.— In  preparation. 

***  Publication  will  commence  when  One  Hundred  Subscribers’  Names  have  been  obtained. 
Prospectuses  maybe  obtained  of  all  Booksellers  ;  a  Specimen  maybe  seen  at  the  Publishers. 

GREENER.-TILE  GUN ; 

Or,  a  Treatise  on  the  various  Descriptions  of  Small  Fire-Arms.  By  W.  Greener,  Inventor  of 
an  improved  method  of  Firing  Cannon  by  Percussion,  &c.  8vo.  with  Illustrations,  15s.  boards. 

GREENER.— THE  SCIENCE  OF  GUNNERY, 

As  applied  to  the  Use  and  Construction  of  Fire  Arms.  By  William  Greener,  Author  of 
“The  Gun,”  &c.  With  numerous  Plates,  15s.  cloth. 

GRIGOR.— THE  EASTERN  ARBORETUM; 

Or,  Register  of  Remarkable  Trees,  Seats,  Gardens,  &c.  in  the  County  of  Norfolk.  With 
Popular  Delineations  of  the  British  Sylva.  By  James  Grigor.  Illustrated  by  50  Drawings 
of  Trees,  etched  on  copper  by  H.  Ninham.  8vo.  17s.  6d.  cloth. 

GUEST. -THE  MABINOGION, 

From  the  Llyfr  Coch  o  Hergest,  or  Red  Book  of  Hergest,  and  other  ancient  Welsh  MSS. : 
with  an  English  Translation  and  Notes.  By  Lady  Charlotte  Guest. 

Part  1.  Containing  the  Lady  of  the  Fountain.  Royal  8vo.  with  Fac-simile  and  Woodcuts,  8s. 
Part  2.  Containing  Peredur  Ab  Evrawc ;  a  Tale  of  Chivalry.  Royal  8vo.  with  Fac-simile  and 
Woodcuts,  8s. 

Part  3.  Containing  the  Arthurian  Romance  of  Geraint,  the  Son  of  Erbin.  Royal  8vo.  with 
Fac-simile  and  Woodcuts,  8s. 

Part  4.  Containing  the  Romance  of  Kilhwcli  and  Olwen.  Royal  8vo.  with  4  Illustrations  and 
Fac-simile,  8s. 

Part  5.  Containing  the  Dream  of  Rhonabwy,  and  the  Tale  of  Pwyll  Prince  of  Dyved.  Royal 
8vo.  8s. 

GUIDE  TO  ALL  THE  WATERING  &  SEA-BATHING  PLACES 

of  Great  Britain  ;  containing  full  and  accurate  Descriptions  of  each  place,  and  of  the  Curio¬ 
sities  and  striking  Objects  in  the  Environs;  and  forming  an  agreeable  and  useful  Companion 
during  a  residence  at  any  of  the  places,  or  during  a  summer  toui  in  quest  of  health  or 
pleasure:  with  a  Description  of  the  Lakes,  and  a  Tour  through  Wales.  New  Edition, 
including  the  Scotch  Watering  Places,  1  thick  vol.  18mo.  illustrated  by  94  Views  and 
Maps,  15s.  bound. 

GWILT.-AN  ENCYCLOPEDIA  OF  ARCHITECTURE ; 

Historical,  Theoretical,  and  Practical.  By  Joseph  Gwilt,  Esq.  F.S.A.  Illustrated  with 
upwards  of  1000  Engravings  on  Wood,  from  Designs  by  J.  S.  Gwilt.  In  1  thick  vol.  8vo. 
containing  nearly  1300  closely-printed  pages,  £2.  12s.  6d.  cloth. 

HALL.— NEW  GENERAL  LARGE  LIBRARY  ATLAS  OF 

FIFTY-THREE  MAPS,  on  Colombier  Paper;  with  the  Divisions  and  Boundaries  carefully 
coloured.  Constructed  entirely  from  New  Drawings,  and  engraved  by  Sidney  Hall.  New 
Edition,  thoroughly  revised  and  corrected  ;  including  all  the  Alterations  rendered  necessary 
by  the  recent  Official  Surveys,  the  New  Roads  on  the  Continent,  and  a  careful  Comparison 
with  the  authenticated  Discoveries  published  in  the  latest  Voyages  and  Travels.  Folded  in 
half,  Nine  Guineas,  half-bound  in  russia ;  full  size  of  the  Maps,  Ten  Pounds,  half-bound  in 

russia.  ... 

The  following  Maps  have  been  re-engraved,  from  entirely  new  designs-— Ireland,  South  Africa,  Turkey  in  Asia; 
the  following  have  been  materially  improved— Switzerland,  North  Italy,  South  Italy,  Egypt,  Central  Germany, 
Southern  Gennanv ,  Greece,  Austria,  Spain  and  Portugal ;  a  new  map  of  China,  corrected  from  the  recent  government 
survey  of  the  coast  from  Canton  to  Nankin  (to  which  is  appended  ,the  Province  of  Canton,  on  an  enlarged  scale,  in 
a  separate  compartment),  has  since  been  added. 
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IIALSTED.— LIFE  AND  TIMES  OF  RICHARD  THE  THIRD 

as  Duke  of  Gloucester  and  King  of  England :  in  which  all  the  Charges  against  him  are  care’ 
fully  investigated  and  compared  with  the  Statements  of  the  Cotemporary  Authorities  By 
Caroline  A.  Halsted,  Author  of  “  The  Life  of  Margaret  Beaufort,  Mother  of  King  Henry 
VII.,”  and  “  Obligations  of  Literature  to  the  Mothers  of  England.”  2  vols.  with  an  original 
Portrait. — In  the  press. 


HAND-BOOK  OF  TASTE; 


By  Fabius 


Or,  How  to  Observe  Works  of  Art,  especially  Cartoons,  Pictures,  and  Statues. 

Pictor.  Fcp.  8vo.  3s.  boards. 

“  We  have  never  met  with  a  compendious  treatise  on  art,  and  the  principles  which  should  sraide  taste  in  iud°-in-  of 
its  productions  that  contained  more  excellent  matter  than  this  small  unpretending  volume  It  is  expressly  compfled 
for  the  instruction  of  the  public  and  with  a  view  to  that  era  in  art  which  the  decoration  of  the  new  Houses^f  plriil 

a^etpreesen  dlTay  °f th}?  cart00D-S  w  Westminster  Hall,  may  be  expected  to  create.  It  exhibits  the  opinions 
of  the  best  artists  and  critics  of  all  ages.  It  is  not  intended  to  instruct  the  student  in  art,  though  he  mav  profit  much 
by  its  lessons,  but  to  tell  the  observer  how  he  may  judge  of  the  productions  of  the  fine  arts.  It  is  not  flattering  to  set 
out  with  saying  that  England,  m  the  art  of  design,  is  not  only  immeasurably  behind  Italy,  but  falls  short  ol  what 

*ccomP1“1“d  •  b“‘  th“  “  bJ  **1  England  is,  nevertheless, 

HANSARD. -TROUT  AND  SALMON  FISHING  IN  WALES. 

By  G.  A.  Hansard.  12mo.  6s.  6d.  cloth. 

HARFORD.— LIFE  OF  THOMAS  BURGESS,  D.D.  F.R.S.  fc. 

Late  Lord  Bishop  of  Salisbury.  By  John  S.  Harford,  Esq.  D.C.L.  F.L.S.  2d  Edition,  with 
additions,  fcp.  8vo.  with  Portrait,  8s.  6d.  cloth. 

HARRIS.— THE  HIGHLANDS  OE  ETHIOPIA; 

Being  the  Accout  of  Eighteen  Months’  Residence  of  a  British  Embassy  to  the  Christian  Court 
of  fehoa.  By  Major  W.  C.  Harris,  Author  of  “Wild  Sports  in  Southern  Africa,”  “  Portraits  of 
Afi  ican  Game  Animals,”  &c.  3  vols.  8vo.  with  Map  and  Three  Illustrations. — Nearly  ready. 

HAWKER-INSTRUCTIONS  TO  YOUNG  SPORTSMEN 

In  all  that  relates  to  Guns  and  Shooting.  By  Lieut. -Col.  P.  Hawker.  8tli  Edition,  corrected 
enlarged,  and  improved,  with  numerous  explanatory  Plates  and  Woodcuts,  8vo  is  cloth' 

HENSLOW.— THE  PRINCIPLES  OF  DESCRIPTIVE  AND 

PHYSIOLOGICAL  BOTANY.  By  J.  S.  Henslow,  M. A.  F.L.S.  &c.  1  vol.  fcp  8vo  with 
Vignette  Title,  and  nearly  70  Woodcuts,  6s.  cloth.  P' 

HERSCHEL.— A  TREATISE  ON  ASTRONOMY. 

By  Sir  John  Herschel.  New  Edition.  1  vol.  fcp.  8vo.  Vignette  Title,  6s  cloth 

HERSCHEL. -A  PRELIMINARY  DISCOURSE  ON  THE 

STUDY  OF  NATURAL  PHILOSOPHY.  By  Sir  John  Herschel.  New  Edition  1  vol 
fcp.  8vo.  with  vignette  title,  6s.  cloth. 

HINTS  ON  ETIQUETTE  AND  THE  USAGES  OF  SOCIETY : 

With  a  Gla.nce  at  Bad  Habits.  By  Aycvyos.  “Manners  make  the  man.”  25th  Edition 
levised  (with  additions)  by  a  Lady  of  Rank.  Fcp.  8vo.  2s.  6d.  handsomely  bound  in  fancy 
cloth,  gilt  edges. 

General  Observations ;  Introductions-Letters  of  Introduction— Marriage—  Dinners— Smokin«- 

*»  Tr.de^ple-vwti.5; 

HOARE.-A  PRACTICAL  TREATISE  ON  THE  CULTIVATION 


By  Clement  Hoare.  3d  Edition,  8vo. 


OF  THE  GRAPE  VINE  ON  OPEN  WALLS. 

7s.  6d.  cloth. 

Introduction  ;  Observations  on  the  present  Method  of  Cultivating  Grape  Vines  on  open  Walls  • 
on  the  capability  and  extent  of  the  Fruit-bearing  Powers  of  the  Vine ;  on  Aspect :  on  Soil  • 
on  Manure ;  on  the  Construction  of  Walls  ;  on  the  Propagation  of  Vines  ;  on  the  Pruning  of 
Vines;  on  the  Training  of  Vines;  on  the  Management  of  a  Vine  during  the  first  five  years  of 
its  growth;  Weekly  Calendarial  Register;  General  Autumnal  Primings;  on  the  Winter 
Management  of  the  Vine  ;  on  the  Planting  and  Management  of  Vines  in  the  public  thorou»-h- 
feres  of  towns  ;  Descriptive  Catalogue  of  twelve  sorts  of  Grapes  most  suitably  adapted  for 
Culture  on  open  Walls.  J  F 

HOLLAND-PROGRESSIVE  EDUCATION ; 

Or,  Considerations  on  the  Course  of  Life.  Translated  from  the  French  of  Madame  Necker  de 
Saussure.  By  Miss  Holland.  3  vols.  fcp.  8vo.  19s.  6d.  cloth. 

**  The  Third  A  olume,  forming  an  appropriate  conclusion  to  the  first  two,  separately,  7s.  6d. 

HOLLAND.-A  TREATISE  ON  THE  MANUFACTURES  IN 

METAL.  By  J.  Holland,  Esq.  3  vols.  fcp.  8vo.  Vignette  Titles,  and  about  300  Woodcuts, 
18s.  cloth. 
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HOLLAND-MEDICAL  NOTES  AND  REFLECTIONS, 

By  Henry  Holland,  M.D.  F.R.S.  &c.  Fellow  of  tlie  Royal  College  of  Physicians,  Physician 
Extraordinary  to  the  Queen,  and  Physician  in  Ordinary  to  His  Royal  Highness  Prince  Albert. 
2d  Edition,  1  vol.  8vo.  pp.  654,  18s.  cloth. 

HOOKER.— THE  BRITISH  FLORA, 

In  Two  Vols.  Vol.  1 ;  comprising  Phsenogamous  or  Flowering  Plants,  and  the  Ferns.  By  Sir 
William  Jackson  Hooker,  K.H.  LL.D.  F.R.A.  and  L.S.  &c.  &c  &c.  Fifth  Edition,  with 
Additions  and  Corrections  ;  and  173  Figures  illustrative  of  the  Umbelliferous  Plants,  the 
Composite  Plants,  the  Grasses,  and  the  Ferns.  8vo.  pp.  502,  with  12  Plates,  14s.  plain ;  with 
the  plates  coloured,  24s.  cloth. 

Vol.  2,  in  Two  Parts,  comprising  the  Cryptogamia  and  Fungi,  completing  the  British  Flora,  and 
forming  Vol.  5,  Parts  1  and  2,  of  Smith’s  English  Flora,  24s.  boards. 

HOOKER— COMPENDIUM  OF  THE  ENGLISH  FLORA. 

2d  Edition,  with  Additions  and  Corrections.  By  Sir  W.  J.  Hooker.  12mo.  7s.  6d.  cloth. 
THE  SAME  IN  LATIN.  5th  Edition,  12mo.  7s.  6d. 

HOOKER— ICONES  PLANTARUM ; 

Or,  Figures,  with  brief  Descriptive  Characters  and  Remarks,  of  New  and  Rare  Plants,  selected 
from  the  Author’s  Herbarium.  By  Sir  W.  J.  Hooker,  K.H.  LL.D.  &c.  4  vols.  8vo.  with 
400  Plates,  £5.  12s.  cloth. 

HOOKER  AND  TAYLOR—  MUSCOLOGIA  BRITANNICA. 

Containing  the  Mosses  of  Great  Britain  and  Ireland,  systematically  arranged  and  described  ; 
with  Plates,  illustrative  of  the  character  of  the  Genera  and  Species.  By  Sir  W.  J.  Hooker 
and  T.  Taylor,  M.D.  F.L.S.,  &c.  2d  Edition,  8vo.  enlarged,  31s.  6d.  plain  ;  £3.  3s.  coloured. 

II O’WITT  (MARY). -STRIFE  AND  PEACE; 

Or,  Life  in  Norway :  the  H - Family ;  Axel  and  Anna,  &c.  Translated  by  Mary  Howitt, 

from  the  Swedish  of  Miss  Bremer,  Author  of  “The  Neighbours,”  “The  Home,”  “The 
President’s  Daughters,”  &  c.  3  vols.  post  Swo— Nearly  ready. 

IIOWITT  (MARY). -THE  HOME. 

Or,  Family  Cares  and  Family  Joys.  By  Frederika  Bremer.  Translated  by  Mary 
Howitt.  2d  Edition,  revised  and  corrected,  2  vols.  post  8vo.  21s.  boards. 

«  Miss  Bremer  possesses,  beyond  any  other  living  writer  of  her  class,  the  power  of  realising  to  the  imagination 
every  individual  she  introduces.  There  is  scarcely  a  single  person  in  her  multitudinous  groups  that  does  not  stand 
out  palpably  in  his  living  lineaments.  The  minute  fidelity  of  her  details,  the  vivid  distinctness  with  which  every 
mental  struggle  and  secret  emotion  is  traced ;  the  moral  beauty  and  womanly  purity  which  steadily  illuminate 
her  narrative  ;  and  the  calm  Christian  philosophy  out  of  which  all  its  earnest  lessons  of  truth,  and  justice,  and  resig¬ 
nation,  and  serene  wisdom,  are  drawn,  must  receive  implicit  admiration  on  all  hands.”— Examiner. 

HOWITT  (MARY). -THE  NEIGHBOURS  : 

A  Story  of  Every-day  Life  in  Sweden.  By  Frederika  Bremer.  Translated  b>  Mary 
Howitt.  3d  Edition,  revised  and  corrected,  2  vols.  post  8vo.  18s.  boards. 

HOWITT  (MARY).— THE  PRESIDENT’S  DAUGHTERS, 

Including  Nina.  By  Frederika  Bremer.  Translated  by  Mary  Howitt.  3  vols. 
post  8vo.  31s.  6d.  boards. 

“  ‘  The  President’s  Daughters  ’  is  every  way  worthy  of  the  author  of  ‘  The  Home  ’  and  ‘  The  Neighbours.’  It  is  dis¬ 
tinguished  by  the  same  life-like  and  truthful  sketches,  the  same  distinctness  of  individual  portraitures,  a  power  of 


HOWITT.— THE  RURAL  LIFE  OF  ENGLAND. 

By  William  Howitt,  New  Edition,  medium  8vo.  with  Engravings  on  wood,  by  Bewick  and 
Williams,  uniform  with  “Visits  to  Remarkable  Places,”  21s.  cloth. 

The  Forests  of  England. 

Habits,  Amusements,  and  Condition  of  the 
People ;  in  which  are  introduced  Two  New 
Chapters,  descriptive  of  the  Rural  Watering 
Places,  and  Education  of  the  Rural  Population. 


Life  of  the  Aristocracy. 

Life  of  the  Agricultural  Population. 

Picturesque  and  Moral  Features  of  the  Country. 
Strong  Attachment  of  the  English  to  Country 
Life. 


HOWITT.— VISITS  TO  REMARKABLE  PLACES; 

Old  Halls,  Battle-Fields,  and  Scenes  illustrative  of  Striking  Passages  in  English  History  and 
Poetry.  By  William  Howitt.  New  Edition,  medium  8vo.  with  40  Illustrations  by 
S.  Williams,  21s.  cloth. 

SECOND  SERIES,  chiefly  in  the  Counties  of  DURHAM  and  NORTHUMBERLAND,  with  a 
Stroll  along  the  BORDFIR.  1  vol.  medium  Svo.  with  upwards  of  40 highly-finished  Woodcuts, 
from  Drawings  made  on  the  spot  for  this  work,  by  Messrs.  Carmichael,  Richardsons,  and 
Weld  Taylor,  21s.  cloth. 
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HOWITT.— RITUAL  AND  DOMESTIC  LIFE  OF  GERMANY : 

With  Characteristic  Sketches  of  its  Chief  Cities  and  Scenery.  Collected  in  a  General  Tour, 
and  during’  a  Residence  in  that  Country  in  the  Years  1840-42.  By  William  Howitt’ 
Author  of  “  The  Rural  Life  of  England,”  “  Visits  to  Remarkable  Places,”  “  The  Boy’s 
Country  Book,”  &c.  1  vol.  medium  8vo.  with  above  50  Illustrations,  21s.  cloth. 

“  We  cordially  record  our  conviction  of  the  value  of  Mr.  Hewitt’s  volume,  and  strongly  recommend  its  early  nerusal 
It  is  both  instructive  and  entertaining,  and  will  be  found  to  familiarize  the  English  reader  with  forms  of  character 
and  modes  of  social  life,  vastly  different  from  anything  witnessed  at  home.” — Eclectic  Review. 

HOWITT.— THE  STUDENT-LIFE  OF  GERMANY. 

From  the  Unpublished  MSS.  of  Dr.  Cornelius.  By  William  Howitt.  8vo.  with  24  Wood- 
Engravings,  and  Seven  Steel  Plates,  21s.  cloth. 

’*'  This  volume  contains  Forty  of  the  most  famous  Student- Songs,  with  the  Original  Music,  adapted  to  the 

Pianoforte  by  Winkelmeyer. 

HOWITT— COLONISATION  AND  CHRISTIANITY: 

A  Popular  History  of  the  Treatment  of  the  Natives,  in  all  their  Colonies,  by  the  Europeans. 
By  William  Howitt.  1  vol.  post  8vo.  10s.  6d.  cloth. 

HOWITT.— THE  BOY’S  COUNTRY  ROOK : 

Being  the  real  Life  of  a  Country  Boy,  written  by  himself;  exhibiting  all  the  Amusements, 
Pleasuies,  and  Puisuits  of  Children  in  the  Country.  Edited  by  WYlltam  Howitt,  Author 
of  “  The  Rural  Life  of  England,”  &c.  2d  Edition,  1  vol.  fcp.  8vo.  with  about  40  Woodcuts, 
8s.  cloth. 

HUDSON.-THE  PARENT’S  HAND-BOOK ; 

Or,  Guide  to  the  Choice  of  Professions,  Employments,  and  Situations  ;  containing  useful  and 
practical  Information  on  the  subject  of  placing  out  Young  Men,  and  of  obtaining  their  Edu¬ 
cation  with  a  view  to  particular  occupations.  By  J.  C.  Hudson,  Esq.  Author  of  “  Plain 
Directions  for  Making  Wills.”  Fcp.  8vo.  5s.  cloth. 

“  This  volume  will  be  found  useful  to  any  parent  who  is  painfully  meditating  upon  that  difficult  subject  how  or 
where  he  can  best  place  his  sons  m  the  world.”— Spectator.  j 

HUDSON-PLAIN  DIRECTIONS  FOR  MAKING  WILLS 

In  Conformity  with  the  Law,  and  particularly  with  reference  to  the  Act  7  Will.  4  and  1  Viet, 
c.  26.  To  which  is  added,  a  clear  Exposition  of  the  Law  relating  to  the  distribution  of  Per¬ 
sonal  Estate  in  the  case  of  Intestacy;  with  two  Forms  of  Wills,  and  much  useful  information, 
&c.  By  J.  C.  Hudson,  of  the  Legacy  Duty  Office,  London.  12th  Edition,  corrected,  with 
notes  of  cases  judicially  decided  since  the  above  Act  came  into  operation.  Fcp.  8vo.  2s.  6d. 
cloth,  gilt  edges. 

HUDSON.-THE  EXECUTOR’S  GUIDE. 

By  J.  C.  Hudson.  Third  Edition,  fcp.  Svo.  5s.  cloth. 

***  These  two  works  may  be  had  in  1  volume,  price  7s.  cloth. 

INGEMANN.-KING  ERIC  AND  THE  OUTLAWS; 

Or,  the  1  hrone,  the  Church,  and  the  People.  By  Ingemann.  Translated  from  the  Danish 
by  Jane  Frances  Chapman.  3  vols.  post  8vo.  31s.  6d.  boards. 

“This  tale  introduces  us  int°  new  and  fertile  ground, — Denmark  in  the  thirteenth  century.  The  characters  are 
all  drawn  from  Danish  history  :  the  story  itself  is  full  of  incident  and  adventure.  The  author  boldly  plunges  at  once 
m  medias  res  ;  and  we  recollect  few  novels  in  which  the  attention  of  the  reader  is  more  quickly  interested,  or  mote 
completely  absorbed.  The  characters  are  struck  off’ with  a  shrewd  intelligence,  and  contrast  admirably;  and  the 
whole  tale  is  original,  lively,  and  varied  in  no  common  degree,  reminding  us  of  the  chivalric  spirit  of  Scott.” 

Court  Journal. 

JACKSON— PICTORIAL  PLORA ; 

Or,  British  Botany  delineated,  in  1500  Lithographic  Drawings  of  all  the  Species  of  Flowering 
Plants  indigenous  to  Great  Britain  ;  illustrating  the  descriptive  works  on  English  Botany  of 
Hooker,  Lindley,  Smith,  &c.  By  Miss  Jackson.  8vo.  I5s.  cloth. 

JACKSON,  &c -THE  MILITARY  LIFE  OF  FIELD-MARSHAL 

THE  DUKE  OF  WELLINGTON,  K.G.  &c.  &c.  By  Major  Basil  Jackson,  and  Captain 
O.  Rochfort  Scott,  late  of  the  Royal  Staff  Corps.  2  vols.  8vo.  with  Portraits  and  numerous 
Plans  of  Battles,  30s.  cloth. 

JAMES.— LIVES  OF  MOST  EMINENT  FOREIGN  STATESMEN. 

By  G.  P.  R.  James,  Esq.,  and  E.  E.  Crowe,  Esq.  5  vols.  fcp.  Svo.  Vignette  Titles, 
30s.  cloth. 
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the  third  and  fourth  volumes,  and,  though  much  enlarged,  at  a 


JAMES.— A  HISTORY  OE  THE  LIFE  OF  EDWARD  THE 

BLACK  PRINCE,  and  of  various  Events  connected  therewith,  which  occurred  during  the 
Reign  of  Edward  III.  King  of  England.  By  G.  P.  R.  James,  Esq.  2d  Edition,  2  vols.  fcp. 
8vo.  Map,  15s.  cloth. 

JEFFREY.  -  CONTRIBUTIONS  TO  THE  EDINBURGH 

REVIEW.  By  Francis  Jeffrey,  now  one  of  the  Judges  of  the  Court  of  Session  in  Scotland. 

4  vols.  8vo.  48s.  cloth. 

JOHNSON.-THE  FARMER’S  ENCYCLOPAEDIA, 

And  Dictionary  of  Rural  Affairs:  embracing  all  the  recent  Discoveries  in  Agricultural  Che¬ 
mistry  ;  adapted  to  the  comprehension  of  unscientific  readers.  By  Cuthbert  W.  Johnson, 
Esq.  F.R.S.  Barrister-at-Law,  Corresponding  Member  of  the  Agricultural  Society  of  Konigs- 
berg,  and  of  the  Maryland  Horticultural  Society;  Author  of  several  of  the  Prize  Essays  of 
the  Royal  Agricultural  Society  of  England,  and  other  Agricultural  Works;  Editor  of  the 
“  Farmer’s  Almanack,”  &c.  1  thick  vol.  8vo.  pp.  1324,  illustrated  by  Wood  Engravings  of 
the  best  and  most  improved  Agricultural  Implements,  £2.  10s.  cloth. 

KANE. -ELEMENTS  OF  CHEMISTRY  ; 

Including  the  most  Recent  Discoveries  and  Applications  of  the  Science  to  Medicine  and 
Pharmacy,  and  to  the  Arts.  By  Robert  Kane,  M.D.  M.R.I.A.,  Professor  of  Natural 
Philosophy  to  the  Royal  Dublin  Society.  1  thick  volume,  Svo.  with  236  Woodcbts,  24s.  cloth. 

KATER  AND  LARDNER.— A  TREATISE  ON  MECHANICS. 

By  Captain  Kater  and  Dr.  Lardner.  New  Edition.  1  vol.  fcp.  Svo.  Yignette  litle,  and  19 
Plates,  comprising  224  distinct  figures,  6s.  cloth. 

KEIG1ITLEY.— THE  HISTORY  OF  ENGLAND. 

By  Thomas  Keightley,  Esq.  In  2  vols.  12mo.  pp.  1206,  14s.  cloth ;  or  bound,  15s. 

For  the  convenience  of  Schools,  the  volumes  will  always  be  sold  separately, 

KEIGHTLEY.— AN  ELEMENTARY  HISTORY  OF  ENGLAND. 

By  Thomas  Keightley,  Esq.,  Author  of  “A  History  of  England,”  “Greece,”  “Rome,” 
“  Outlines  of  History,”  &c.  &c.  12mo.  pp.  364,  5s.  bound. 

KEIGHTLEY- THE  HISTORY  OF  GREECE. 

By  Thomas  Keightley,  Esq.  Third  Edition,  12mo.  pp.  508,  6s.  6d.  cloth,  or  7s.  bound. 
ELEMENTARY  HISTORY  of  GREECE,  18mo.  pp.  264,  3s.  6d.  bound. 

KEIGHTLEY. -THE  HISTORY  OF  ROME 

To  the  end  of  the  Republic.  By  Thomas  Keightley,  Esq.  Third  edition,  12mo.  pp.  512, 
6s.  6d„  cloth;  or  7s.  bound. 

ELEMENTARY  HISTORY  of  ROME,  ISmo.  pp.  294,  3s.  6d.  bound. 

KEIGHTLEY.— THE  HISTORY  OF  THE  ROMAN  EMPIRE, 

From  the  Accession  of  Augustus  to  the  end  of  the  Empire  in  the  West.  By  T.  Keightley, 
Esq.  12mo.  pp.  456,  6s.  6d.  cloth,  or  7s.  bound. 

QUESTIONS  on  the  HISTORIES  of  ENGLAND,  Parts  1  and  2,  pp.  56  each;  ROME,  3d  edit, 
pp.  40;  GREECE,  3d  edit.  pp.  42.  12mo.  sewed,  Is.  each. 

KEIGHTLEY.— OUTLINES  OF  HISTORY, 

From  the  Earliest  Period.  By  Thomas  Keightley,  Esq.  New  Edition,  corrected  and  con¬ 
siderably  improved,  fcp.  Svo.  pp.  468,  6s.  cloth  ;  or  6s.  6d.  bound. 

KIPPIS.-A  COLLECTION  OF  HYMNS  AND  PSALMS, 

For  Public  and  Private  Worship.  Selected  and  prepared  by  A.  Kippis,  D.D.,  Abraham 
Rees,  D.D.,  the  Rev.  Thomas  Jervis,  and  the  Rev.  T.  Morgan.  To  which  is  added,  a 
Supplement.  New  Edition,  corrected  and  improved,  ISmo.  5s.  bound. 

KIRBY  &  SPENCE.— AN  INTRODUCTION  TO  ENTOMOLOGY  ; 

Or,  Elements  of  the  Natural  History  of  Insects  :  comprising  an  account  of  noxious  and  useful 
Insects,  of  their  Metamorphoses,  Food,  Stratagems,  Habitations,  Societies,  Motions,  Noises, 
Hybernation,  Instinct,  &c.  By  W.  Kirby,  M.A.  F.R.S.  &  L.S.  Rector  of  Barham  ;  and  W. 
Spence,  Esq.  F.R.S.  &L.S.  6tli  Edit,  corrected  and  much  enlarged,  2  vols.  Svo.  31s.  6d.  cloth. 

The  first  two  volumes  of  the  “Introduction  to  Entomology”  are  published  as  a  separate  work,  distinct  from 


1  aiiu  muiuii  .urn. nc,  mm,  . . -  - . p _ i _ considerable  reduction  of  price,  in  order  that 

the  numerous  class  of  readers  who  confine  their  study  of  insects  to  that  of  their  manners  and  economy,  need  not  be 


burthened  with  the  cost  of  the  technical  portion  of  the  work,  relating  to  their  anatomy,  physiology,  &c. 


KNAPP.-GRAMINA  BRITANNICA ; 

Oi,  Representati°ns  of  the  British  Grasses  :  with  Remarks  and  occasional  Descriptions  Bv 

2J  ^ 118  »**  w-amfsM 

LAING.-A  TOUR  IN  SWEDEN, 

In  1838 1  comprising  observations  on  the  Moral,  Political,  and  Economical  State  of  the  Swedish 
Nation.  By  Samuel  Laing,  Esq.  8vo.  12s.  cloth. 

LAING. -NOTES  OF  A  TRAVELLER, 

On  the  Social  and  Political  State  of  France,  Prussia,  Switzerland,  Italy,  and  other  parts  of 
Europe,  during  the  present  century.  By  Samuel  Laing,  Esq.  2d  Edition,  8vo.  16s.  cloth. 

LAING— JOURNAL  OF  A  RESIDENCE  IN  NORWAY 

During  the  years  1S34,  1835,  and  1836 ;  made  with  a  view  to  inquire  into  the  Rural  and  Political 
Economy  of  that  Country,  and  the  Condition  of  its  Inhabitants.  By  Samuel  Laing,  Esq. 
2d  Edition,  8vo.  14s.  cloth.  1 

LAING.— THE  CHRONICLE  OF  THE  KINGS  OF  NORWAY 

Fiom  the  Earliest  Period  of  the  History  of  the  Northern  Sea  Kings  to  the  Middle  of  the  Twelfth 
Century,  commonly  called  the  Heimskringla.  Translated  from  the  Icelandic  of  Snorro 
teturleson,  with  Notes,  and  a  Preliminary  Discourse,  by  Samuel  Laing,  Author  of  “  A 
Residence  in  Norway,”  “  A  Tour  in  Sweden,”  “  Notes  of  a  Traveller,”  &c. 

T  I  T.  y ___  _  .  _  [Preparing  for  publication . 

LARDNER’S  CABINET  CYCLOPAEDIA; 

Comprising  a  Senes  of  Original  Works  on  History,  Biography,  Literature,  the  Sciences,  Arts, 
and  Manufactures.  Conducted  and  edited  by  Dr.  Lardner, 

Hlie  Series,  complete,  in  One  Hundred  and  Thirty-three  Volumes,  ^39.  18s.  (Three  volumes 
remain  to  be  published.)  The  works,  separate,  6s.  per  volume. 

LARDNER— A  TREATISE  ON  ARITHMETIC. 

By  D.  Lardner,  LL.D.  F.R.S.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth  lettered. 

LARDNER.— A  TREATISE  ON  ELECTRICITY  &  MAGNETISM. 

By  Dr.  Lardner.  2  vols.  fcp.  8vo.  12s.  (Vol.  2,  revised  and  completed  by  C.  V.  Walker 
Secretary  of  the  Electrical  Society,  is  in  the  press.) 

LARDNER.— A  TREATISE  ON  GEOMETRY 

upwards  tf miTrelUf: cltth!’  ^  ^  LARDNER'  *  V°L  fCp'  8V°'  Vfenette  Title> 

LARDNER— A  TREATISE  ON  HEAT. 

By  D.  Lardner,  LL.D.,  &c.  1  vol.  fcp.  8vo.  with  Woodcuts  and  Vignette  Title,  6s.  cloth. 

“  -A  TREATISE  ON  HYDROSTATICS  AND  PNEU- 

AiAilCb.  By  Dr.  Lardner.  New  Edition.  1  vol.  fcp.  8vo.  6s.  cloth. 

LECTURES  ON  POLARISED  LIGHT, 

Delivered  before  the  Pharmaceutical  Society,  and  in  the  Medical  School  of  the  London 
Hospital.  8vo.  illustrated  by  above  50  Woodcuts,  5s.  6d.  cloth. 

L-  POETICAL  WORKS  OF  LETITIA  ELIZABETH 

LAMA  N.  ^  New  Edition  (1839),  4  vols.  fcp.  8vo.  with  Illustrations  by  Howard,  &c.  28s.  cloth 
letteied;  or  handsomely  bound  in  morocco,  with  gilt  edges,  £2.  4s. 

The  following  may  be  had  separately: — 

THE  IMPROVISATRICE .  10s.  6d.  |  THE  GOLDEN  VIOLET  in*  cu 

THE  VENETIAN  BRACELET  . .  10s.  6d.  |  THE  TROUBADOUR  .  \0s  6d 

LEE-TAXIDERMY; 

?^nieMiVt  °f  Collf  ting,  Preparing,  and  Mounting  Objects  of  Natural  History.  For  the 
“Menmirs  nTr  “d  L'T  A'  ,  BJ,  M.rs‘  R‘  Lee  (formerly  Mrs.  T.  E.  Bowdich),  Author  of 
Hall  and  wT6!’  M6t?  ?dltl0n’  imProved,  with  an  account  of  a  Visit  to  Walton 
7s.  cloth.  * 1  W at61t0n  s  method  of  Preserving  Animals.  Fcp.  Svo.  with  Wood  Engravings, 

LIFE  OF  A  TRAVELLING  PHYSICIAN, 

Iiom  Ins  first  Introduction  to  Practice;  including  20  Years’ Wanderings  throughout  the 
gi  eater  part  of  Europe.  3  vols.  post  Svo.  3  coloured  Plates,  31s.  6d.  cloth. 
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LIGHTER  HOURS : 

A  Series  of  Poems.  By  an  Etonian.  Fcp.  8vo.  5s.  cloth. 

LINDLEY.— INTRODUCTION  TO  BOTANY. 

By  Prof.  J.  Lindley,  Pli.D.  F.R.S.  L.S.  &c.  3d  Edition  (1839),  with  Corrections  and  consi¬ 
derable  Additions,  1  large  vol.  8vo.  pp.  606,  with  Six  Plates  and  numerous  Woodcuts,  18s.  cloth. 

LINDLEY.— A  NATURAL  SYSTEM  OF  BOTANY ; 

Or,  a  Systematic  View  of  the  Organization,  Natural  Affinities,  and  Geographical  Distribution 
of  the  whole  Vegetable  Kingdom  ;  together  with  the  uses  of  the  most  important  species  in 
Medicine,  the  Arts,  and  Rural  or  Domestic  Economy.  By  John  Lindley,  Pli.D.,  F.R.S., 
L.S.,  &c.  2d  Edition,  with  numerous  additions  and  corrections,  and  a  complete  List  of 
Genera,  with  their  synonyms.  8vo.  18s.  cloth. 

LINDLEY.— FLORA  MEDICA ; 

A  Botanical  Account  of  all  the  most  important  Plants  used  in  Medicine,  in  different  Parts  of 
the  World.  By  John  Lindley,  Ph.D.,  F.R.S.,  &c.  1  vol.  8vo.  18s.  cloth  lettered,, 

LINDLEY.— SCHOOL  BOTANY ; 

Or,  an  Explanation  of  the  Characters  and  Differences  of  the  principal  Natural  Classes  and 
Orders  of  Plants  belonging  to  the  Flora  of  Europe,  in  the  Botanical  Classification  of  De 
Candolle.  For  the  use  of  Students  preparing  for  their  matriculation  examination  in  the 
University  of  London,  and  applicable  to  Botanical  Study  in  general.  By  John  Lindley, 
Ph.D.,  F.R.S.,  &c.  1  vol.  fcp.  8vo.  with  upwards  of  160  Woodcuts,  6s.  cloth  lettered. 

LINDLEY.— A  SYNOPSIS  OF  TIIE  BRITISH  FLORA, 

Arranged  according  to  the  Natural  Orders.  By  Professor  John  Lindley,  Ph.D.,  F.R.S.,  &c. 
The  3d  Edition,  with  numerous  additions,  corrections,  and  improvements,  12mo.  pp.  390, 
10s.  6d.  cloth. 

LINDLEY.— THE  THEORY  OF  HORTICULTURE ; 

Or,  an  Attempt  to  explain  the  Principal  Operations  of  Gardening  upon  Physiological  Prin¬ 
ciples.  By  John  Lindley,  Ph.D.,  F.R.S.  8vo.  Illustrations  on  Wood.  12s.  cloth. 

This  hook  is  "written  in  the  hope  of  providing  the  intelligent  gardener,  and  the  scientific  amateur,  correctly,  with 
the  rationalia  of  the  more  important  operations  of  Horticulture ;  and  the  author  has  endeavoured  to  present  to  his 
readers  an  intelligible  explanation,  founded  upon  well-ascertained  facts,  which  they  can  judge  of  by  their  own  means 
of  observation  of  the  general  nature  of  vegetable  actions,  and  of  the  causes  which,  while  they  control  the  powers 
of  life  in  plants,  are  capable  of  being  regulated  by  themselves.  The  possession  of  such  knowledge  will  necessarily 
teach  them  how  to  improve  their  methods  of  cultivation,  and  lead  them  to  the  discovery  of  new  and  better  modes. 

LINDLEY— AN  OUTLINE  OF  THE  FIRST  PRINCIPLES  OF 

HORTICULTURE.  By  Professor  Lindley.  18mo.  2s.  sewed. 

LINDLEY.- GUIDE  TO  ORCHARD  AND  KITCHEN  GARDEN ; 

Or,  an  Account  of  tbe  most  valuable  Fruits  and  Vegetables  cultivated  in  Great  Britain  :  with 
Kalendars  of  the  Work  required  in  the  Orchard  and  Kitchen  Garden  during  every  month  in 
the  year.  By  George  Lindley,  C.M.H.S.  Edited  by  Professor  Lindley.  1  large 
vol.  8vo.  I6s.  boards. 

LLOYD— A  TREATISE  ON  LIGHT  AND  VISION. 

By  the  Rev.  H.  Lloyd,  M.A.,  Fellow  of  Trin.  Coll.  Dublin.  8vo.  15s.  boards. 

LORIMER.— LETTERS  TO  A  YOUNG  MASTER  MARINER, 

On  some  Subjects  connected  with  his  Calling.  By  Charles  Lorimer.  3d  edition,  12mo. 
with  an  Appendix,  5s.  6d.  cloth. 

L0UD0N.-AN  ENCYCLOPAEDIA  OF  TREES  AND  SHRUBS; 

being  the  “  Arboretum  et  Fruticetum  Britannicum”  abridged  :  containing  the  Hardy  Trees 
and  Shrubs  of  Great  Britain,  Native  and  Foreign,  Scientifically  and  Popularly  Described ; 
with  their  Propagation,  Culture,  and  Uses  in  the  Arts ;  and  with  Engravings  of  nearly  all 
the  Species.  Adapted  for  the  use  of  Nurserymen,  Gardeners,  and  Foresters.  By  J.  C. 
Loudon,  F.L.S.  &c.  In  8vo.  pp.  1234,  with  upwards  of  2000  Engravings  on  Wood,  £2. 10s. 
bound  in  cloth. 

The  Original  Work  may  be  had  in  8  vols.  8vo.  with  above  400  Octavo  Plates  of  Trees,  and 
upwards  of  2500  Woodcuts,  £\0,  cloth. 

LOUDON— AN  ENCYCLOPiEDIA  OF  GARDENING; 

Presenting,  in  one  systematic  view,  the  History  and  Present  State  of  Gardening  in  all  Coun¬ 
tries,  and  its  Theory  and  Practice  in  Great  Britain :  with  the  Management  of  the  Kitchen 
Garden,  the  Flower  Garden,  Laying-out  Grounds,  &c.  By  J.  C.  Loudon,  F.L.S.  &c.  A  New 
Edition,  enlarged  and  much  improved,  1  large  vol.  8vo.  with  nearly  1,000  Engravings  on  Wood, 
pp.  1312,  50s.  cloth. 
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LOUDON.-AN  ENCYCLOPEDIA  OF  AGRICULTURE; 

Comprising  its  History  in  all  Countries ;  the  Principles  on  which  Agricultural  Operations 
depend,  and  their  Application  to  Great  Britain  and  similar  Climates.  By  J.  C.  Loudon, 
F.L.S.  &c.  The  Third  Edition,  1  large  vol.  8vo.  pp.  1418,  with  nearly  1,300  Wood  Engravings, 
£2.  10s.  cloth. 

LOUDON.— AN  ENCYCLOPAEDIA  OF  PLANTS ; 

Including  all  the  Plants  which  are  now  found  in,  or  have  been  introduced  into,  Great  Britain  ; 
giving  their  Natural  History,  accompanied  by  such  descriptions,  engraved  figures,  and 
elementary  details,  as  may  enable  a  beginner,  who  is  a  mere  English  reader,  to  discover  the 
name  of  every  Plant  which  he  may  find  in  flower,  and  acquire  all  the  information  respecting 
it  which  is  useful  and  interesting.  The  Specific  Characters  by  an  Eminent  Botanist;  the 
Drawings  by  J.  D.  C.  Sowerby,  F.L.S.  A  New  Edition  (1841),  with  a  New  Supplement,  com¬ 
prising  every  desirable  particular  respecting  all  the  Plants  originated  in,  or  introduced  into, 
Britain  between  the  first  publication  of  the  work,  in  1829,  and  January  1840:  with  a  new 
General  Index  to  the  whole  work.  Edited  by  J.  C.  Loudon,  prepared  by  W.  H.  Baxter,  Jun. 
and  revised  by  George  Don,  F.L.S. ;  and  800  new  Figures  of  Plants  on  Wood,  from  Drawings 
by  J.  D.  C.  Sowerby,  F.L.S.  One  very  large  vol.  8vo.  with  nearly  10,000  Wood  Engravings, 
pp.  1354,  £3.  13s.  6d. 

The  New  Supplement  (1841),  separately ,  8vo.  pp.  190, 15s.  cloth. 

L0UD0N.-AN  ENCYCLOPAEDIA  OF  COTTAGE,  FARM,  AND 

VILLA  ARCHITECTURE  and  FURNITURE.  Containing  Designs  for  Cottages,  Villas,  Farm 
Houses,  Farmeries,  Country  Inns,  Public  Houses,  Parochial  Schools,  &c. ;  with  the  requisite 
Fittings-up,  Fixtures,  and  Furniture,  and  appropriate  Offices,  Gardens,  and  Garden  Scenery : 
each  Design  accompanied  by  Analytical  and  Critical  Remarks  illustrative  of  the  Principles  of 
Architectural  Science  and  Taste  on  which  it  is  composed,  and  General  Estimates  of  the  Expense. 
By  J.  C.  Loudon,  F.L.S.  &c.  New  Edition  (1842),  corrected,  with  a  Supplement,  containing 
160  additional  pages  of  letter-press  and  nearly  300  new  engravings,  bringing  down  the  work  to 
1842.  1  very  thick  vol.  8vo.  pp.  1326,  with  more  than  2000  Engravings  on  Wood,  ^3. 3s.  cloth. 

***  The  New  Supplement,  separately ,  8vo.  pp.  174,  7s.  6d.  sewed,. 

L0UD0N.-H0RTUS  BRITANNICUS: 

A  Catalogue  of  all  the  Plants  indigenous  to  or  introduced  into  Britain.  The  3d  Edition  (1832), 
with  a  New  Supplement,  prepared,  under  the  direction  of  J.  C.  Loudon,  by  W.  H.  Baxter, 
and  revised  by  George  Don,  F.L.S.  1  vol.  8vo.  pp.  766,31s.  6d.  cloth. 

The  First  Supplement  (1835 )  separately,  8vo.  pp.  26,  2s.  6d.  sewed. 

The  New  Supplement  (1839)  separately pp.  742,  8s.  sewed. 

LOUDON. -THE  SUBURBAN  GARDENER  AND  VILLA 

COMPANION  :  comprising  the  Choice  of  a  Villa  or  Suburban  Residence,  or  of  a  situation  on 
which  to  form  one ;  the  Arrangement  and  Furnishing  of  the  House ;  and  the  Laying-out, 
Planting,  and  general  Management  of  the  Garden  and  Grounds;  the  whole  adapted  for  grounds 
from  one  perch  to  fifty  acres  and  upwards  in  extent;  intended  for  the  instruction  of  those 
who  know  little  of  Gardening  or  Rural  Affairs,  and  more  particularly  for  the  use  of  Ladies. 
By  J.  C.  Loudon,  F.L.S.  &c.  1  vol.  8vo.  with  above  300  Wood  Engravings,  20s.  cloth. 

L0UD0N.-H0RTUS  LIGN0SIS  LONDINENSIS; 

Or,  a  Catalogue  of  all  the  Ligneous  Plants  cultivated  in  the  neighbourhood  of  London.  To 
which  are  added  their  usual  prices  in  Nurseries.  By  J.  C.  Loudon,  F.L.S.  &c.  8vo.  7s.  6d. 

L0UD0N.-0N  TIIE  LAYING-OUT,  PLANTING,  AND 

MANAGEMENT  of  CEMETERIES;  and  on  the  Improvement  of  Churchyards.  By  J.  C. 
Loudon,  F.L  8.  &c.  8vo.  with  60  Engravings,  12s.  cloth. 

LOW.— THE  BREEDS  OF  THE  DOMESTICATED  ANIMALS 

Of  Great  Britain  Described.  By  David  Low,  Esq.  F.R.S.E.  Professor  of  Agriculture  in  the 
University  of  Edinburgh ;  Member  of  the  Royal  Academy  of  Agriculture  of  Sweden ;  Corre¬ 
sponding  Member  of  the  Conseil  Royal  d’Agriculture  de  France,  of  the  Socifitt;  Iloyale  et 
Lentrale,  &c.  &c.  The  Plates  from  Drawings  by  W.  Nicholson,  R.S.A.  reduced  from  a  Series 
of  Oil  Paintings,  executed  for  the  Agricultural  Museum  of  the  University  of  Edinburgh,  by 
W.  Shiels,  R.S.A.  2  vols.  atlas  quarto,  with  52  plates  of  animals,  beautifully  coloured  after 
Nature,  ^6H6. 16s.  half-bound  in  morocco. 

Or  in  four  separate  portions,  as  follow 

The  OX,  in  1  vol.  atlas  quarto,  with  22  plates,  ^6. 16s.  6d.  half-bound  in  morocco. 

The  SHEEP,  in  1  vol.  atlas  quarto,  with  21  plates,  £§.  16s.  6d.  half-bound  in  morocco. 

The  HORSE,  in  1  vol.  atlas  quarto,  with  8  plates,  £3,  half-bound  in  morocco. 

The  HOG,  in  1  vol.  atlas  quarto,  with  5  plates,  £2.  2s.  half-bound  in  morocco. 
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LOW-ELEMENTS  OE  PRACTICAL  AGRICULTURE ; 

Comprehending  the  Cultivation  of  Plants,  the  Husbandry  of  the  Domestic  Animals,  and  the 
Economy  of  the  Farm.  By  David  Low,  Esq.  F.R.S.E.,  Professor  of  Agriculture  in  the  Uni¬ 
versity  of  Edinburgh.  8vo.  4th  Edition,  with  Alterations  and  Additions,  and  above  200  Wood- 
cuts,  21s.  cloth. 

“  The  opinion  of  the  public  has  been  pronounced  in  favour  of  this  excellent  hook  in  a  manner  not  to  he  mistaken. 
It  is  the  best  treatise  on  agriculture  in  the  language,  and  this  is  much  the  best  edition  of  it.  A  passage  in  the  preface 
is  so  full  of  practical  wisdom,  and  is  applicable  with  so  much  justice  to  agricultural  affairs  in  their  present  state,  that 
we  cannot  do  better  than  quote  it,  partly  for  its  intrinsic  value,  and  partly  as  an  indication  of  the  manner  in  which 
Professor  Low  has  extended  the  matter  of  his  valuable  pages.”— Professor'Lindley  in  the  Gardener's  Chronicle. 

MACAULAY.— CRITICAL  AND  HISTORICAL  ESSAYS  CON- 

TRIBUTED  to  the  EDINBURGH  REVIEW.  By  the  Right  Hon.  Thomas  Babingto.v 
Macaulay.  2d  Edition,  3  vols.  8vo.  36s.  cloth. 

MACAULAY.— LAYS  OF  ANCIENT  ROME. 

By  T.  B.  Macaulay,  Esq.  3d  Edition,  crown  8vo.  pp.  192;  10s.  6d.  cloth. 

MACKENZIE.-THE  PHYSIOLOGY  OF  VISION. 

By  W.  Mackenzie,  M.D.,  Lecturer  on  the  Eye  in  the  University  of  Glasgow.  8vo.  with 
Woodcuts,  10s.  6d.  boards. 

MACKINTOSH,  &c.  —  THE  HISTORY  OF  ENGLAND. 

By  Sir  James  Mackintosh  ;  W.  Wallace,  Esq. ;  and  Robert  Bell,  Esq.  10  vols.  fcp. 
8vo.  with  Vignette  Titles,  £§.  cloth. 

MACLEOD.— ON  RHEUMATISM, 

And  on  the  Affections  of  Internal  Organs,  more  especially  the  Heart  and  Brain,  to  which  it 
gives  rise.  By  R.  Macleod,  M.D.  Physician  to  St.  George’s  Hospital.  8vo.  pp.  172, 
7s.  cloth. 

MALTE-BRUN.-A  SYSTEM  OF  UNIVERSAL  GEOGRAPHY, 

Founded  on  the  Works  of  Malte-Brun  and  Balbi,  embracing  an  Historical  Sketch  of  the 
Progress  of  Geographical  Discovery,  the  Principles  of  Mathematical  and  Physical  Geography, 
and  a  complete  Description,  from  the  most  recent  sources,  of  the  Political  and  Social  Condition 
of  all  the  Countries  in  the  World  :  with  numerous  Statistical  Tables,  and  an  Alphabetical  Index 
of  12,000  Names.  One  thick  vol.  8vo.  closely  and  beautifully  printed,  30s.  cloth. 

MANUAL  FOR  MECHANICS’  INSTITUTIONS. 

Published  under  the  superintendence  of  the  Society  for  the  Diffusion  of  Useful  Knowledge. 
Post  8vo.  5s.  cloth. 

MARCET  (MRS.)— CONVERSATIONS  ON  THE  HISTORY  OF 

ENGLAND.  For  the  Use  of  Children.  Vol.  1,  containing  the  History  to  the  Reign  of 
Henry  VII.  18mo.  pp.  354,  4s.  6d.  cloth. 

“  Juvenile  literature  will  freely  own  how  much  it  is  indebted  to  Mrs.  Marcet,  not  only  for  the  present,  but  all  her 
preceding  works.  She  imparts  'interest  to  dry  and  dull  details  ;  and,  while  she  teaches,  begets  a  desire  in  her  pupils 
for  further  knowledge,  so  pleasantly  imparted.  These  ‘  Conversations,’  admirably  suited  to  the  capacities  of  children, 
may  be  skimmed  advantageously  by  ‘  children  of  a  larger  growth.’  ” — Literary  Gazette. 

MARCET.— CONVERSATIONS  ON  CHEMISTRY; 

In  which  the  Elements  of  that  Science  are  familiarly  Explained  and  Illustrated  by  Experiments. 
14ch  Edition  (1S41),  enlarged  and  corrected,  2  vols.  fcp.  8vo.  pp.  732,  14s.  cloth. 

MARCET.— CONVERSATIONS  ON  NATURAL  PHILOSOPHY; 

In  which  the  Elements  of  that  Science  are  familiarly  explained,  and  adapted  to  the  compre¬ 
hension  of  Young  Persons.  10th  Edition  (1839),  enlarged  and  corrected  by  the  Author. 
In  l  vol.  fcp.  8vo.  pp.  484,  with  23  Plates,  10s.  6d.  cloth. 

Cf  the  General  Properties  of  Bodies ;  the  Attraction  of  Gravity ;  the  Laws  of  Motion  ;  Compound 
Motion ;  the  Mechanical  Powers  ;  Astronomy ;  Causes  of  the  Earth’s  Motion ;  the  Planets  ; 
the  Earth;  the  Moon;  Hydrostatics;  the  Mechanical  Properties  of  Fluids;  of  Springs, 
Fountains,  &c. ;  Pneumatics;  the  Mechanical  Properties  of  Air ;  on  AVind  and  Sound  ;  Optics; 
the  Visual  Angle  and  the  Reflection  of  Mirrors ;  on  Refraction  and  Colours  ;  on  the  Structure 
of  the  Eye,  and  Optical  Instruments. 


MARCET.— CONVERSATIONS  ON  POLITICAL  ECONOMY ; 

la  which  the  Elements  of  that  Science  are  familiarly  explained.  7th  Edition  (1839),  revised 
and  enlarged,  1  vol.  fcp.  8vo.  pp.  424,  7s.  6d.  cloth. 

Introduction;  on  Property;  the  Division  of  Labour ;  on  Capital;  on  Wages  and  Population  ;  on 
the  Condition  of  the  Poor;  on  Value  and  Price;  on  Income;  Income  from  Landed  Property ; 
Income  from  the  Cultivation  of  Land  ;  Income  from  Capital  lent ;  on  Money  ;  on  Commerce ; 
on  Foreign  Trade ;  on  Expenditure  and  Consumption. 

MARCET.  -  CONVERSATIONS  ON  VEGETABLE  PHYSIO- 

LOGY;  comprehending  the  Elements  of  Botany,  with  their  application  to  Agriculture. 
3d  Edition  (1839),  1  vol.  fcp.  8vo.  pp.  474,  with  4  Plates,  9s.  cloth. 

Introduction;  on  Roots;  on  Stems;  on  Leaves;  on  Sap;  on  Cambium  and  the  peculiar  Juices 
of  Plants;  on  the  Action  of  Light  and  Heaton  Plants;  on  the  Naturalization  of  Plants;  on 
the  Action  of  the  Atmosphere  on  Plants;  on  the  Action  of  Water  on  Plants;  on  the  Artificial 
Mode  of  Watering  Plants  ;  on  the  Action  of  the  Soil  on  Plants  ;  on  the  Propagation  of  Plants 
by  Subdivision;  on  Grafting;  on  the  Multiplication  of  Plants  by  Seed;  the  Flower;  on  Com¬ 
pound  Flowers ;  on  Fruit ;  on  the  Seed;  on  the  Classification  of  Plants  ;  on  Artificial  Systems  ; 
on  the  Natural  System;  Botanical  Geography;  the  Influence  of  Culture  on  Vegetation  ;  on 
the  Degeneration  and  Diseases  of  Plants;  on  the  Cultivation  of  Trees;  on  the  Cultivation  of 
Plants  which  produce  Fermented  Liquors  ;  on  the  Cultivation  of  Grasses,  Tuberous  Roots,  and 
Grain  ;  on  Oleaginous  Plants  and  Culinary  Vegetables. 

MARCET.— CONVERSATIONS  EOR  CHILDREN ; 

On  Land  and  Water.  2d  Edition  (1839),  revised  and  corrected,  1  vol.  fcp.  8vo.  pp.  256,  with 
coloured  Maps,  showing  the  comparative  altitude  of  Mountains,  5s.  6d.  cloth. 

MARCET.— THE  GAME  OF  GRAMMAR, 

With  a  Book  of  Conversations  (fcp.  8vo.  pp.  54,  1842)  shewing  the  Rules  of  the  Game,  and 
affording  Examples  of  the  manner  of  playing  at  it.  In  a  varnished  box,  or  done  up  as  a  post 
8vo.  volume  in  cloth,  8s. 

MARCET. -MARY’S  GRAMMAR; 

Interspersed  with  Stories,  and  intended  for  the  Use  of  Children.  6tli  Edition  (1842),  revised 
and  enlarged.  18mo.  pp.  336,  3s.  6d.  half-bound. 

MARCET. -JOHN  HOPKINS’  NOTIONS  ON  POLITICAL 

ECONOMY.  3d  Edition  (1834),  fcp.  8vo.  pp.  194,  4s.  6d.  cloth. 

***  A  smaller  Edition  (the  second,  1833),  ISmo.  pp.  176,  Is.  6d.  sewed. 

MARCET.— WILLY’S  HOLIDAYS; 

Or,  Conversations  on  Different  Kinds  of  Governments,  intended  for  Young  Children.  18mo. 
pp.  158  (1836),  2s.  half -bound. 

MARCET— WILLY’S  STORIES  FOR  YOUNG  CHILDREN. 

Third  Edition,  18mo.  pp.  138  (1839),  2s.  half-bound. 

The  House-building ;  the  Three  Pits  (the  Coal  Pit,  the  Chalk  Pit,  and  the  Gravel  Pit) ;  and  the 
Land  without  Laws. 

MARCET.— THE  SEASONS; 

Stories  for  very  Young  Children.  4  vols.  18mo.  new  Editions:  Vol.  1,  Winter,  3d  Edition, 
pp.  180,  1839;  Vol.  2,  Spring,  3d  Edition,  pp.  196,  1839 ;  Vol.  3,  Summer,  3d  Edition,  pp.  178, 
1840;  Vol.  4,  Autumn,  3d  Edition,  pp.  184,  1840.  2s.  each  volume,  half-bound. 

MARRIAGE  GIFT. 

By  a  Mother.  A  Legacy  to  her  Children.  Post  8vo.  5s.  cloth,  gilt  edges. 

MARRY  AT.— NARRATIVE  OF  THE  TRAVELS  AND  ADVEN- 

TURES  of  MONSIEUR  VIOLET,  in  California,  Sonora,  and  Western  Texas.  Written  by 
Capt.  Marryat,  C.B.  Author  of  “  Peter  Simple.”  3  vols.  post  8vo.  31s.  6d.  bds. 

MARRYAT.— MASTERMAN  READY ; 

Or,  the  Wreck  of  the  Pacific.  Written  for  Young  People.  By  Captain  Marryat.  3  vols. 
fcp.  8vo.  with  numerous  Engravings  on  Wood,  22s.  6d.  cloth. 

***  The  volumes  separately ,  7s.  6d.  each,  cloth. 

MARTINGALE-SPORTING  SCENES  AND  COUNTRY  CIIA- 

RACTERS.  By  Martingale.  1  vol.  square  crown  8vo.  beautifully  embellished  with 
Wood  Engravings  in  the  highest  style  of  the  Art,  £\.  Is.  handsomely  bound  in  a  new  style. 


MAUNDER.— THE  TREASURY  OF  KNOWLEDGE, 

And  LIBRARY  of  REFERENCE  :  containing  a  new  and  enlarged  Dictionary  of  the  English 
Language,  preceded  by  a  Compendious  Grammar,  Verbal  Distinctions,  &c.;  a  new  Universal 
Gazetteer;  a  Compendious  Classical  Dictionary ;  a  Chronological  Analysis  of  General  History  ; 
a  Dictionary  of  Law  Terms,  & c.  &c.  By  Samuel  Maunder.  14th  Edition,  1  vol.  fcp.  8vo. 
pp.  810,  with  two  engraved  Frontispieces,  8s.  6d.  cloth ;  or  handsomely  bound  in  roan,  lettered, 
with  gilt  edges,  10s.  6d. 

MAUNDER— THE  SCIENTIFIC  &  LITERARY  TREASURY; 

A  new  and  popular  Encyclopaedia  of  Science  and  the  Belles-Lettres  ;  including  all  Branches  of 
Science,  and  every  Subject  connected  with  Literature  and  Art.  The  whole  written  in  a  familiar 
style,  adapted  to  the  comprehension  of  all  persons  desirous  of  acquiring  information  on  the 
subjects  comprised  in  the  work,  and  also  adapted  for  a  Manual  of  convenient  Reference  to  the 
more  instrucied.  By  Samuel  Maunder.  2d  Edition,  1  thick  vol.  fcp.  8vo.  of  1700  closely- 
printed  columns,  pp.  840,  with  an  engraved  Frontispiece,  10s.  handsomely  bound  in  fancy 
cloth,  lettered ;  or  bound  in  roan,  gilt  edges,  12s. 

MAUNDER.— THE  BIOGRAPHICAL  TREASURY; 

Consisting  of  Memoirs,  Sketches,  and  brief  Notices  of  above  12,000  Eminent  Persons  of  all  Age. 
and  Nations,  from  the  Earliest  Period  of  History ;  forming  a  new  and  complete  Dictionary 
of  Universal  Biography.  4tli  Edition,  with  a  “  Supplement,”  from  the  Accession  of  Queen 
Victoria  to  the  Present  lime.  1  vol.  fcp.  8vo.  pp.  876,  with  engraved  Frontispiece  8s.  6d. 
cloth ;  or  roan,  gilt  edges,  10s.  6d.  >  •  • 

MAUNDER.— THE  TREASURY  OF  HISTORY; 

Comprising  a  General  Introductory  Outline  of  Universal  History,  Ancient  and  Modern,  and  a 
Series  of  separate  Histories  of  every  principal  Nation  that  exists;  their  Rise,  Progress,  and 
Present  Condition,  the  Moral  and  Social  Character  of  their  respective  inhabitants,  their 
Religion,  Manners,  and  Customs,  &c.  By  Samuel  Maunder.  10s.  cloth. 

MCCULLOCH—  THE  PRINCIPLES  OF  POLITICAL  ECONOMY: 

with  some  Enquiries  respecting  their  Application,  and  a  Sketch  of  the  Rise  and  Progress  of 
the  Science.  By  J.  R.  M‘Culloch,  Esq.  New  Edition,  enlarged  and  corrected  throughout, 
8vo.  15s. 

M‘CULL0CH.— A  DICTIONARY,  GEOGRAPHICAL,  STATIS- 

TICAL,  AND  HISTORICAL,  of  the  various  Countries,  Places,  and  Principal  Natural  Objects 
in  the  V  ORLD.  By  J.  R.  M‘Culloch,  lvsq.  2  thick  vols.  8vo.  pp.  1980,  bound  in  cloth. 
Illustrated  with  Six  Large  important  Maps  as  follow 

1.  The  World,  on  Mercator’s  Projection ;  with  enlarged  scales  introduced  of  Canton  River,  ATm 

Dieman’s  Land,  Hooglily  River,  Island  and  Town  of  Singapore,  and  Colony  of  Good  Hope. 

2.  Asia  on  a  very  extensive  scale,  embracing  every  recent  Survey  (coloured). 

3.  Great  Britain  and  Ireland,  exhibiting  the  Navigable  Rivers,  and  completed  and  proposed 

Railways;  with  Dublin  Bay,  the  Caledonian  Canal,  and  the  River  Thames,  introduced  on 
an  enlarged  scale. 

The  British  Possessions  in  North  America,  with  part  of  the  United  States,  compiled  from 
official  sources ;  with  Plans  of  the  Cities  and  Flarbours  of  Montreal  and  the  Island  of 
Newfoundland,  introduced  on  an  enlarged  scale. 

Central  and  Southern  Europe,  with  the  Mediterranean  Sea ;  the  Mouth  of  the  Schelde  intro¬ 
duced  on  an  extended  scale. 

Central  America  and  the  West  Indies,  from  the  latest  and  best  authorities  ;  with  the  Island 
of  Jamaica,  the  Harbours  of  Port  Royal  and  Kingston,  and  the  Harbour  and  City  of  Havana, 
introduced  on  an  enlarged  scale. 


4. 


5. 


6. 


L 


Tlie  extent  of  information  this  Dictionary  affords  on  the  subjects  referred  to  in  its  title  is  truly  surprising  It 
cannot  fail  to  prove  a  vade-mecum  to  the  student,  whose  inquiries  will  be  guided  by  its  light,  and  satisfied  by  itsclear 
and  frequently  elaborated  communications.  Every  public  room  in  which  commerce,  politics,  or  literature,  forms  the 
subject  of  discussion,  ought  to  be  furnished  with  these  volumes.”— Globe. 

MTULLOCH.  —  A  DICTIONARY,  PRACTICAL,  THE0RETI- 

CAL,  AND  HISTORICAL,  OF  COMMERCE  AND  COMMERCIAL  NAVIGATION.  Illus¬ 
trated  with  Maps  and  Plans.  By  J.  R.  M‘Culloch,  Esq.  A  New  Edition,  with  a  new  and 
enlarged  Supplement,  containing  the  New  Tariff,  the  New  Corn  Law  (with  an  Article  on  the 
latter),  and  bringing  down  the  information  in  the  work  to  September  1842.  One  closely 
and  beautifully-printed  vol.  8vo.  of  more  than  1350  pages,  2 . 10s.  boards. 

***  The  New  Supplement  separately,  5s.  sewed. 
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MEREDITH. 

By  the  Countess  of  Btessington.  3  vols.  post  8vo.  31s.  6d.  boards. 

“  This  novel  is  perhaps  the  best  that  Lady  Blessington  has  yet  given  to  us— combining,  a  it  does  all  the  best 

features  of  her  style,  in  a  consistent  and  rvell-constructed  narrative  which  accomplishes  all  it  aims  at _ namely  to 

place  before  its  readers  a  picture  of  actual  English  life,  so  grouped  and  coloured  by  the  hand  of  fiction  as  merely  to 
heighten  its  moral  effect  without  impairing  its  truthfulness.” — New  Monthly  Magazine.  j 

MILNE.— TREATISE  ON  THE  VALUATION  OE  ANNUITIES 

AND  ASSURANCES  on  LIVES  and  SURVIVORSHIPS;  on  the  Construction  of  Tables  of 
Mortality ;  and  on  the  Probabilities  and  Expectations  of  Life.  Wherein  the  Laws  of  Mortality 
that  prevail  in  different  parts  of  Europe  are  determined,  and  the  Comparative  Mortality  of 
different  Diseases  and  of  the  Two  Sexes  are  shown:  with  a  variety  of  Tables.  By  Joshua 
Milne,  Actuary  to  the  Sun  Life  Assurance  Society.  2  vols.  8vo.  £1.  10s.  boards. 

MONTGOMERY’S  (JAMES)  POETICAL  WORKS. 

New  and  only  Complete  Edition  (1841).  With  some  additional  Poems,  and  Autobiographical 
Prefaces.  Collected  and  Edited  by  Mr.  Montgomery.  4  vols.  fcp.  8vo.  with  Portrait,  and 
Seven  other  beautifully-engraved  Plates,  20s.  cloth  ;  or  bound  in  morocco,  gilt  edges,  36s. 

MOORE’S  (THOMAS)  POETICAL  WORKS. 

The  only  Complete  Edition  (1841).  Edited  by  Mr.  Moore.  With  Autobiographical 
Prefaces.  10  vols.  fcp.  8vo.  with  Portrait,  and  19  other  highly-finished  Plates,  £2.  10s, 
fancy  cloth ;  or  £i.  10s.  handsomely  hound  in  morocco,  with  gilt  edges. 

MOORE’S  POETICAL  WORKS; 

Containing  the  Author’s  recent  Introduction  and  Notes.  Complete  in  one  volume,  uniform 
with  Lord  Byron’s  Poems.  With  a  New  Portrait,  by  Georg'e  Richmond,  engraved  in  the  line 
manner,  and  a  View  of  Sloperton  Cottage,  the  Residence  of  the  Poet,  by  Thomas  Creswick, 
A.R.A.  Medium  8vo.  21s.  cloth. 

MOORE’S  LALLA  ROOKH. 

Twentieth  Edition  (1842),  1  vol.  medium  8vo.  beautifully  illustrated  with  13  Engravings 
finished  in  the  highest  style  of  Art,  21s.  handsomely  bound  in  cloth  and  ornamented ;  morocco, 
35s. ;  or,  with  India  Proof  Plates,  42s.  cloth. 

MOORE’S  LALLA  ROOKH. 

Twenty-first  Edition  (1842),  1  vol.  fcp.  8vo.  with  Four  Engravings,  from  Paintings  by  Westall, 
10s.  6d.  cloth  ;  or,  handsomely  bound  in  morocco,  with  gilt  edges,  14s. 

MOORE’S  IRISH  MELODIES. 

New  Edition,  imp.  8vo.  illustrated  with  above  50  Designs  by  Maclise,  etched  on  steel,  £ 2 .  2s. ; 
Proofs  on  India  Paper,  ^J4.  4s. ;  before  Letters  (of  Illustrations  only),  .-£6.  6s.— In  the  Spring. 

The  Poetry  and  Designs  will  both  be  engraved,  and  each  page  surrounded  with  an  Ornamental  Border. 

MOORE’S  IRISH  MELODIES. 

Fifteenth  Edition  (1843),  with  Engraved  Title  and  Vignette,  10s.  cloth  lettered ;  or  13s.  Gd. 
handsomely  bound  in  morocco,  with  gilt  edges. 

MOORE.-THE  HISTORY  OF  IRELAND. 

By  Thomas  Moore,  Esq.  Vols.  1  to  3,  with  Vignette  Titles,  18s.  cloth. 

MORAL  OF  FLOWERS. 

3d  Edition,  1  vol.  royal  8vo.  with  24  beautifully-coloured  Engravings,  £1.  10s.  half-bound. 

MORGAN. -THE  PRINCIPLES  AND  DOCTRINE  OF  ASSU- 

RANCES,  ANNUITIES  on  LIVES,  and  CONTI  NGENT  REVERSIONS,  stated  and  explained. 
By  YV.  Morgan,  F.R.S.  Actuary  to  the  Society  for  Equitable  Assurances  on  Lives,  &c.  8vo. 
12s.  boards. 

MORTON— A  VETERINARY  TOXICOLOGICAL  CHART, 

Containing  those  Agents  known  to  cause  Death  in  the  Horse ;  with  the  Symptoms,  Antidotes, 
Action  on  the  Tissues,  and  Tests.  By  W.  J.  T.  Morton.  12mo.  6s.  in  case;  on  rollers,  8s.  6d. 

MORTON.-A  MANUAL  OF  PHARMACY, 

For  the  Student  in  Veterinary  Medicine ;  containing  the  Substances  employed  at  the  Royal 
Veterinary  College,  with  an  attempt  at  their  classification,  and  the  Pharmacopoeia  of  that  in¬ 
stitution.  By  YV.  J.  T.  Morton.  2d  Edition,  12mo.  9s.  cloth. 
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MOSELEY.— ILLUSTRATIONS  OF  PRACTICAL  MECHANICS. 

By  the  Rev.  H.  Moseley,  M.A.,  Professor  of  Natural  Philosophy  and  Astronomy  in  King’s 
College,  London;  being  the  First  Volume  of  the  Illustrations  of  Science  by  the  Professors  of 
King’s  College.  1  vol.  fcp.  8vo.  with  numerous  Woodcuts,  8s.  cloth. 

MOSELEY. -TIIE  MECHANICAL  PRINCIPLES  OF  EN6I-  1 

NEERING  AND  ARCHITECTURE.  By  the  Rev.  H.  Moseley,  M.A.  F.R.S.,  Professor  of 
Natural  Philosophy  and  Astronomy  in  King’s  College,  London ;  and  Author  of  “  Illustrations 
of  Mechanics,”  &c.  1  vol.  8vo.  with  Woodcuts  and  Diagrams,  24s.  cloth. 

“  This  volume  includes  the  substance  of  a  course  of  lectures  delivered  to  the  students  of  King’s  College,  in  the 
departments  of  engineering  and  architecture,  during  the  present  and  two  preceding  years  (1840-42).  The  first  part 
treats  of  statics,  so  far  as  that  science  applies  to  the  subject;  the  second  of  dynamics;  the  third  of  the  theory  of 
machines  ;  the  fourth  of  the  theory  of  the  stability  of  structures  ;  the  fifth  of  the  strength  of  materials  ;  and  the 
sixth  and  last  of  ‘  impact.’  We  have  merely  noted  the  divisions  of  this  body  of  mathematical  science  for  the  informa¬ 
tion  of  those  to  whom  the  high  reputation  of  Professor  Moseley  will  be  a  sufficient  warranty.” — Spectator. 

“  The  work  of  Mr.  Moseley  is  an  elaborate,  profound,  accurate,  and  elegant  abstract  and  purely  mathematical 
disquisition  on  the  theoretical  principles  of  mechanics ;  and  will  serve  to  increase  the  author’s  high  reputation  as  a 
mathematician.” — Athenjeitm. 

MURRAY.— ENCYCLOPAEDIA  OF  GEOGRAPHY; 

Comprising  a  complete  Description  of  the  Earth :  exhibiting  its  Relation  to  the  Heavenly 
Bodies,  its  Physical  Structure,  the  Natural  History  of  each  Country,  and  the  Industry,  Com¬ 
merce,  Political  Institutions,  and  Civil  and  Social  State  of  all  Nations.  By  Hugh  Murray,  | 
F.R.S.E.:  assisted  in  Astronomy,  &c.  by  Professor  Wallace;  Geology,  &c.  by  Professor 
Jameson;  Botany,  &c.  by  Sir  W.  J.  Hooker;  Zoology,  &c.  by  W.  Swainson,  Esq.  New 
Edition,  brought  down  to  1840 :  with  82  Maps,  drawn  by  Sidney  Hall,  and  upwards  of  1000  other 
Engravings  on  Wood,  from  Drawings  by  Swainson,  T.  Landseer,  Sowerby,  Strutt,  &c.  repre-  , 
senting  the  most  remarkable  Objects  of  Nature  and  Art  in  every  Region  of  the  Globe.  1  vol. 

8vo.  containing  upwards  of  1500  pages,  £ 3 ,  cloth. 

NARRIEN.— ELEMENTS  OF  GEOMETRY ; 

Consisting  of  the  first  Four  and  Sixth  Books  of  Euclid,  chiefly  from  the  Text  of  Dr.  Robert  | 
Simson  :  with  the  principal  Theorems  in  Proportion,  and  a  Course  of  Practical  Geometry  on 
the  Ground;  also,  Four  Tracts  relating  to  Circles,  Planes,  and  Solids,  with  one  on  Spherical 
Geometry.  By  Mr.  Narrien,  Professor  of  Mathematics  in  the  Royal  Military  CoUege,  j 
Sandhurst.  Svo.  pp.  288,  with  many  diagrams,  10s.  6d.  bound. 

NICOLAS.— THE  CHRONOLOGY  OF  HISTORY.  | 

Containing  Tables,  Calculations,  and  Statements  indispensable  for  ascertaining  the  Dates  of 
Historical  Events,  and  of  Public  and  Private  Documents,  from  the  Earliest  Period  to  the 
Present  Time.  By  Sir  Harris  Nicolas,  K.C.  M.G.  Second  edition,  corrected  throughout. 

1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

“We  strongly  recommend  to  historical  students  the  clear  and  accurate  ‘Chronology  of  History,’  by  Sir  Harris 
Nicolas,  which  contains  all  the  information  that  can  be  practically  required.” — Quarterly  Review,  No.  142. 

O’SULLIVAN.— OF  THE  AP0STACY  PREDICTED  BY  ST. 

PAUL.  By  the  Rev.  Mortimer  0‘Sullivan,  D.D.  Rector  of  Killyman.  8vo.  pp.  596, 

14s.  cloth. 

OWEN.  —  LECTURES  ON  THE  COMPARATIVE  ANATOMY 

AND  PHYSIOLOGY  OF  THE  INVERTEBRATE  ANIMALS,  delivered  at  the  Royal  College 
of  Surgeons  in  1843.  By  Richard  Owen,  F.R.S.  Hunterian  Professor  to  the  College.  From 
Notes  taken  by  William  White  Cooper,  M.R.C.S.  and  revised  by  Professor  Owen.  With 
Glossary  and  Index.  8vo.  with  nearly  140  Illustrations  on  Wood,  14s.  cloth. 

“  It  is  sufficient  to  announce  a  work  on  the  comparative  anatomy  of  the  Invertebrata  by  Mr.  Owen.  Were  it 
necessary  to  recommend  it,  we  should  say,  that  the  desideratum  it  supplies  has  beeu  long  felt  by  students  of  natural 
history;  and  that  no  writer  of  the  present  day  except  Mr.  Owen  could  have  ventured  to  approach  the  subject:  his 
enlightened. researches  having  made  the  delightful  department  of  science  in  which  he  has  created  his  brilliant  repu¬ 
tation  legitimately  his  own;  and,  indeed,  organised  into  a  system  an  interesting  branch  of  knowledge  in  which  he 
found  only  a  few  scattered  and  imperfectly  known  facts.” — Medical  Gazette. 

PARKES.— DOMESTIC  DUTIES ; 

Or,  Instructions  to  Young  Married  Ladies  on  the  Management  of  their  Households  and  the  1 
Regulation  of  their  Conduct  in  the  various  Relations  and  Duties  of  Married  Life.  By  Mrs. 

W.  Parkes.  5th  Edition,  fcp.  8vo.  9s.  cloth. 

Social  Relations — Household  Concerns — the  Regulation  of  Time— Moral  and  Rehgious  Duties. 

PARNELL.-A  TREATISE  ON  ROADS; 

Wherein  the  Principles  on  which  Roads  should  be  made  are  explained  and  illustrated  by  the 
Plans,  Specifications,  and  Contracts  made  use  of  by  Thomas  Telford,  Esq.  on  the  Holyhead 
Road.  By  the  Right  Hon.  Sir  Henry  Parnell,  Bart.,  Hon.  Memb.  Inst.  Civ.  Eng.  London. 
Second  Edition,  greatly  enlarged,  with  9  large  plates,  dSl.  Is.  cloth. 


PEARSON- PRAYERS  FOR  FAMILIES: 

Consisting’  of  a  Form,  short  but  comprehensive,  for  the  Morning  and  Evening  of  everyday  in 
the  week.  Selected  by  the  late  E.  Pearson,  D.D.  Master  of  Sidney  Sussex  College,  Cambridge. 
To  which  is  prefixed,  a  Biographical  Memoir  of  the  Editor.  New  Edit.  18mo.  2s.  6d.  cloth. 

PEARSON.-AN  INTRODUCTION  TO  PRACTICAL  ASTRO- 

NOMY.  By  the  Rev.  W.  Pearson,  LL.D.  F.R.S.,  &c.,  Rector  of  South  Killworth, 
Leicestershire,  and  Treasurer  to  the  Astronomical  Society  of  London.  2  vols.  4to  with 
Plates,  £1.  7s.  boards. 

Vol.  1  contains  Tables,  recently  computed,  for  facilitating  the  Reduction  of  Celestial  observa¬ 
tions  ;  and  a  popular  explanation  of  their  Construction  and  Use. 

Vol.  2  contains  Descriptions  of  the  various  Instruments  that  have  been  usefully  employed  in 
determining  the  Places  of  the  Heavenly  Bodies,  with  an  Account  of  the  Methods  of  Adjusting 
and  Using  them. 

PERCIYALL.— THE  ANATOMY  OF  THE  HORSE; 

Embracing  the  Structure  of  the  Foot.  By  W.  Percivall,  M.R.C.S.  8vo.  pp.  478,  £\,  cloth. 

PERCIVALL.— HIPPOPATHOLOGY ; 

A  Systematic  Treatise  on  the  Disorders  and  Lameness  of  the  Horse;  with  their  modern  and 
most  approved  Methods  of  Cure ;  embracing  the  doctrines  of  the  English  and  French 
Veterinary  Schools.  By  W.  Percivall,  M.R.C.S.  Veterinary  Surgeon  in  the  1st  Life  Guards. 
Vol  1,  8vo.  pp.  340,  10s.  6d.  boards;  Vol.  2,  8vo.  pp.  436,  14s.  boards. 

PEREIRA.— A  TREATISE  ON  FOOD  AND  DIET : 

With  Observations  on  the  Dietetical  Regimen  suited  for  Disordered  States  of  the  Digestive 
Organs ;  and  an  Account  of  the  Dietaries  of  some  of  the  principal  Metropolitan  and  other 
Establishments  for  Paupers,  Lunatics,  Criminals,  Children,  the  Sick,  &c.  By  Jon.  Pereira, 
M.D.  F.R.S.  &  L.S.  Author  of  “  Elements  of  Materia  Medica.”  8vo.  16s.  cloth. 

“  Invaluable  to  the  professional,  and  interesting  even  to  the  general  reader.  It  is  written  in  that  clear  and  racy  style 
which  characterises  Dr.  Pereira’s  writings,  and  which  possesses  such  charms  for  those  who  like  scientific  hooks  when 
they  are  not  ‘  too  dry.’  We  may,  in  fine,  pronounce  it  well  worthy  of  the  author  of  the  best  work  on  Materia  Medica 
and  Therapeutics  of  the  age  in  w'hich  he  lives.” — Chemist. 

PHILLIPS.— AN  ELEMENTARY  INTRODUCTION  TO  MINE- 

RALOGY;  comprising  a  Notice  of  the  Characters  and  Elements  of  Minerals;  with  Accounts 
of  the  Places  and  Circumstances  in  which  they  are  found.  By  William  Phillips,  F. L.S. 
M.G.S.,  &c.  4th  Edition,  considerably  augmented  by  R.  Allan,  F.R.S.E.  8vo.  numerous 
Cuts,  12s.  cloth. 

PHILLIPS.— FIGURES  AND  DESCRIPTIONS  OF  THE 

PALAEOZOIC  FOSSILS  of  CORNWALL,  DEVON,  and  WEST  SOMERSET;  observed  in 
the  course  of  the  Ordnance  Geological  Survey  of  that  District.  By  John  Phillips,  F.R.S. 
F.G.S.  &c.  Published  by  Order  of  the  Lords  Commissioners  of  H.M.  Treasury.  8vo.  with 
60  Plates,  comprising  very  numerous  figures,  9s.  cloth. 

PHILLIPS.— A  GUIDE  TO  GEOLOGY. 

By  John  Phillips,  F.R.S.G.S.,  &c.  1  vol.  fcp.  8vo.  with  Plates,  6s.  cloth. 

PHILLIPS.— A  TREATISE  ON  GEOLOGY. 

By  John  Phillips,  F.R.S.G.S.,  &c.  2  vols.  fcp.  8vo.  with  Vignette  Titles  and  Woodcuts, 
12s.  cloth. 

POISSON.— A  TREATISE  ON  MECHANICS. 

By  S.  D.  Poisson.  2d  Edition.  Translated  from  the  French,  and  illustrated  with  Explanatory 
Notes,  by  the  Rev.  Henry  II.  Harte,  late  Fellow  of  Trinity  College,  Dublin.  2  large  vols. 
8vo.  28s.  boards. 

PORTER.  -  A  TREATISE  ON  THE  MANUFACTURE  OF  SILK. 

By  G.  R.  Porter,  Esq.  F.R.S.  Author  of  “  The  Progress  of  the  Nation,”  &c.  1  vol.  8vo.  with 
Vignette  Title,  and  39  Engravings  on  Wood,  6s.  cloth. 

PORTER.— A  TREATISE  ON  TIIE  MANUFACTURES  OF 

PORCELAIN  AND  GLASS.  By  G.  II.  Porter,  Esq.  F.R.S.  1  vol.  fcp.  8vo.  with  Vignette 
Title  and  50  Woodcuts,  6s.  cloth. 
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PORTLOCK.— REPORT  ON  THE  GEOLOGY  OF  THE  COUNTY 

of  LONDONDERRY,  and  of  Parts  of  Tyrone  and  Fermanagh,  examined  and  described  under 
the  Authority  of  the  Master-General  and  Board  of  Ordnance.  By  J.  E.  Portlock,  F.R.S. 
&c.  8vo.  with  48  Plates,  24s.  cloth. 

POSTANS.-PERSONAL  ORSERVATIONS  ON  SINDH, 

The  Manners  and  Customs  of  its  Inhabitants,  and  its  Productive  Capabilities  :  with  a  Narrative 
of  the  Recent  Events.  By  Capt.  Postans,  Bombay  Army,  late  Assistant  to  the  Political 
Agent,  Sindh.  8vo.  with  new  Map,  coloured  Frontispiece,  and  other  Illustrations,  18s.  cloth. 

“Capt.  Postans  writes  pleasantly,  and  is  a  firm  and  calm  recorder  of  what  he  has  seen  and  known — an  honest  and 
deliberate  reporter  of  the  conclusions  he  has  come  to  on  a  subject  that  has  points  about  which  men  are  much  divided. 
He  has  studied  his  theme  in  its  various  branches  vigilantly  and  patiently,  and  has  bestowed  reflection  and  exemplary 
care  before  delivering  the  results  of  his  observation  and  research.  His  work,  indeed,  we  cannot  doubt,  will  become 
an  authority  upon  various  points  of  Indian  policy  even  beyond  the  interests  that  are  immediately  combined  with  the 
Sindhian  nation.”— Monthly  Review. 

POWELL.-THE  HISTORY  OF  NATURAL  PHILOSOPHY, 

From  the  Earliest  Periods  to  the  Present  Time.  By  Baden  Powell,  M.A.,  Savilian  Professor 
of  Mathematics  in  the  University  of  Oxford.  1  vol.  fcp.  8vo.  Vignette  Title,  6s.  cloth, 

PRISM  OF  IMAGINATION  (THE)  FOR  1844. 

By  the  Baroness  De  Calabrella,  Author  of  “  The  Prism  of  Thought  for  1843.”  Post  8vo. 
2ls.  handsomely  bound  in  morocco,  and  gilt. 

***  Tne  Ornamental  Designs  by  Mr.  Owen  Jones.  Each  page  will  be  surrounded  with  rich 
and  appropriate  Ornamental  Borders,  printed  in  Colours  and  Gold.  There  will  be  Ei^ht 
Ornamental  Titles  illustrative  of  the  Tales,  and  Eight  Lithographic  Illustrations,  designed  by 
Henry  Warren.  The  Letterpress  will  consist  of  a  series  of  five  Imaginative  Tales,  entitled 
The  Miniature— The  Ring— The  Pen— The  Armlet— The  Watch. 

PROCEEDINGS  OF  THE  ZOOLOGICAL  SOCIETY  OE  LONDON. 

8vo.  The  last  part  published  is  Part  9  for  1841,  6s.  cloth. 

REECE.— THE  MEDICAL  GUIDE, 

For  the  use  of  the  Clergy,  Heads  of  Families,  Seminaries,  and  Junior  Practitioners  in  Medi¬ 
cine  ;  comprising  a  complete  Modern  Dispensatory,  and  a  Practical  Treatise  on  the  Distin¬ 
guishing  Symptoms,  Causes,  Prevention,  Cure  and  Palliation,  of  the  Diseases  incident  to  the 
Human  Frame.  By  R.  Reece,  M.D.  late  Fellow  of  the  Royal  College  of  Surgeons  of  London, 
&c.  16th  Edition,  8vo.  pp.  600,  12s.  boards. 

REEVE.— CONCHOLOGIA  SYSTEMATICA: 

Or,  Complete  System  of  Concliology:  in  which  the  Lepades  and  Mollusca  are  described  and 
classified  according  to  their  Natural  Organization  and  Habits;  illustrated  with  300  highly 
finished  copper-plate  engravings,  by  Messrs.  Sowerby,  containing  above  1500  figures  of  Shells. 
By  L.  Reeve,  F.L.S.  &c. 

Vol,  1,  containing  the  Lepades  and  Bivalve  Mollusca,  with  130  Plates,  ^3.  5s.  cloth;  with 
coloured  Plates,  10s.  cloth. 

Vol.  2,  the  “Univalve  Mollusca,”  with  171  Plates,  ^4.  9s.  cloth;  coloured,  £1.  12s.  cloth. 

REPT0N.-THE  LANDSCAPE  GARDENING  &  LANDSCAPE 

ARCHITECTURE  of  the  late  Humphry  Repton,  Esq.;  being  his  entire  works  on  these 
subjects.  New  Edition,  with  an  historical  and  scientific  Introduction,  a  systematic  Analysis, 
a  Biographical  Notice,  Notes,  and  a  copious  alphabetical  Index.  By  J.  C.  Loudon,  F.L.S. 
&c.  Originally  published  in  1  folio  and  3  quarto  volumes,  and  now  comprised  in  1  vol.  8vo. 
illustrated  by  upwards  of  250  Engravings,  and  Portrait,  30s.  cloth ;  with  coloured  plates, 
.s£3.  6s.  cloth. 

RICHARDS0N.-GE0L0GY  E0R  BEGINNERS: 

Comprising  a  Familiar  Explanation  of  Geology,  and  its  associate  Sciences,  Mineralogy, 
Physical  Geology,  Fossil  Conchology,  Fossil  Botany,  and  Palaeontology,  including  Directions 
for  forming  Collections  and  generally  cultivating  the  Science  ;  with  a  succinct  Account  of  the 
several  Geological  Formations.  By  G.  F.  Richardson,  F.G.S.  of  the  British  Museum. 
Second  Edition,  considerably  enlarged,  with  new  Frontispiece,  and  nearly  100  new  Wood 
Engravings,  fcp.  8vo.  10s.  6d.  cloth. 

RIDDLE.— A  COMPLETE  ENGLISH-LATIN  AND  LATIN- 

ENGLISH  DICTIONARY,  compiled  from  the  best  sources,  chiefly  German.  By  the  Rev. 
J.  E.  Riddle.  2d  Edition,  corrected  and  enlarged.  8vo.  31s.  6d.  cloth. 

***  Separately— The  Englisli-Latin  part,  10s.  6d.  cloth;  the  Englisli-Latin  paid,  21s.  cloth. 
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1  RIDDLE— THE  YOUNG  SCHOLAR’S  ENGLISH-LATIN  AND 

LATIN-ENGLISH  DICTIONARY:  being  the  Author’s  Abridgments  of  the  above.  2d  Edit.  I 
Square  12mo.  12s.  bound. 

***  Separately— the  English-Latin  part,  5s.  6d.  bound ;  the  Latin-English  part,  7s.  bound. 

“  Riddle’s  Dictionary  is  the  best  of  the  kind  in  our  language.” — Athen2eu;m. 

RIDDLE. -A  DIAMOND  LATIN  ENGLISH  DICTIONARY. 

For  the  waistcoat-pocket.  A  Guide  to  the  Meaning,  Quality,  and  right  Accentuation  of  Latin 
Classical  Words.  By  the  Rev.  J.  E.  Riddle,  M.A.  Royal  32mo.  4s.  bound. 

“  A  most  useful  little  lexicon  to  the  general  reader  who  may  wish  for  an  accommodating  interpreter  of  such  Latin 
words  or  sentences  as  may  be  encountered  in  every  day’s  casual  literary  exercises.  It  is  at  once  copious  and 
succinct.” — Mobning  Herald. 

RIDDLE— LETTERS  FROM  AN  ABSENT  GODFATHER ;  i 

Or,  a  Compendium  of  Religious  Instruction  for  Young  Persons.  By  the  Rev.  J.  E.  Riddle,  j 
M.A.  Fcp.  8vo.  6s.  cloth. 

I  RIDDLE. -ECCLESIASTICAL  CHRONOLOGY; 

Or,  Annals  of  the  Christian  Church,  from  its  Foundation  to  the  present  Time.  Containing  a 
View  of  General  Church  History,  and  the  Course  of  Secular  Events;  the  Limits  of  the 
Church  and  its  Relations  to  the  State;  Controversies;  Sects  and  Parties;  Rites, 
Institutions,  and  Discipline  ;  Ecclesiastical  Writers.  The  whole  arranged  according  to  the 
order  of  Dates,  and  divided  into  Seven  Periods.  To  which  are  added,  Lists  of  Councils  and 
Popes,  Patriarchs,  and  Archbishops  of  Canterbury.  By  the  Rev.  J.  E.  Riddle,  M.A., 
Author  of  “  The  Complete  Latin  Dictionary.”  1  vol.  8vo.  15s.  cloth. 

RIYERS.-THE  ROSE  AMATEUR’S  GUIDE. 

In  Two  Parts :  Part  1,  The  Summer  Rose  Garden  ;  Part  2,  The  Autumnal  Rose  Garden.  The 
whole  arranged  so  as  to  form  a  Companion  to  the  Descriptive  Catalogue  of  the  Sawbridge- 
worth  Collection  of  Roses,  published  annually.  By  T.  Rivers,  Jun.  3d  Edition,  greatly  j 
enlarged,  fcp.  8vo.  6s.  cloth. 

Among  the  additions  to  the  present  Edition  will  bo  found  full  Directions  for  Raising  New  Rose9  from  Seed,  by 
modes  never  before  published,  appended  to  each  Family;  with  descriptions  of  the  most  remarkable  New  Roses  i 
lately  introduced;  an  alphabetical  list  of  all  the  New  Roses  and  Show  Flowers. 

;  ROBERTS.— A  COMPREHENSIVE  VIEW  OF  THE  CULTURE  j 

of  the  VINE  under  GLASS.  By  James  Roberts,  Gardener  to  M.  Wilson,  Esq.  Eshton  Hall, 

( |  Yorkshire.  12mo.  5s.  6d.  cloth. 

ROBERTS. -AN  ETYMOLOGICAL  AND  EXPLANATORY 

I  DICTIONARY'  of  the  Terms  and  Language  of  GEOLOGY ;  designed  for  the  early  Student, 
and  those  who  have  not  made  great  progress  in  the  Science.  By  G.  Roberts.  Fcp.  6s.  cloth, 

[  ROBINSON- GREEK  AND  ENGLISH  LEXICON  TO  THE 

NEW  TESTAMENT.  By  E.  Robinson,  D.D.  Author  of  “Biblical  Researches.”  Edited, 
with  careful  revision,  corrections,  &c.  by  the  Rev.  Dr.  Bloomfield.  1  vpl.  8vo.  18s.  cloth. 

'  ROGERS.-TIIE  VEGETABLE  CULTIVATOR; 

Containing  a  plain  and  accurate  Description  of  all  the  different  Species  of  Culinary  Vegetables, 
with  the  most  approved  Method  of  Cultivating  them  by  Natural  and  Artificial  Means,  and 
the  best  Modes  of  Cooking  them  ;  alphabetically  arranged.  Together  with  a  Description  of 
the  Physical  Herbs  in  General  Use.  Also,  some  Recollections  of  the  Life  of  Philip  Miller, 

F.  A.S.,  Gardener  to  the  Worshipful  Company  of  Apothecaries  at  Chelsea.  By  John  Rogers,  ' 
Author  of  “  The  Fruit  Cultivator.”  Fcp.  8vo.  7s.  cloth. 

ROME.— THE  HISTORY  OF  ROME.  j 

2  vols.  fcp.  6vo.  with  Vignette  Titles,  12s.  cloths 

RONALDS.— THE  FLY-FISHER’S  ENTOMOLOGY, 

Illustrated  by  Coloured  Representations  of  the  Natural  and  Artificial  Insect ;  and  accompanied  j 
by  a  few  Observations  and  Instructions  relative  to  Trout  and  Grayling  Fishing.  By  Alfred  . 
Ronalds-  2d  Edition,  with  20  Copperplates,  coloured,  8vo.  14s.  cloth. 

R0SC0E.— LIVES  OF  EMINENT  BRITISH  LAWYERS. 

By  Henry  Roscoe,  Esq.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

SANDFORD.— LIVES  OF  ENGLISH  FEMALE  WORTHIES. 

By  Mrs.  John  Sandford.  Vol  1,  containing  the  Lives  of  Lady  Jane  Grey  and  Mrs.  Colonel 
Hutchinson,  fcp.  8vo.  6s.  6d.  cloth* 
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SANDFORD.-WOMAN  IN  HER  SOCIAL  AND  DOMESTIC  | 

CHARACTER.  By  Mrs.  John  Sandford.  6th  Edition,  fcp.  8vo.  6s.  cloth. 

Causes  of  Female  Influence;  Value  of  Letters  to  Woman  ;  Importance  of  Religion  to  Woman  ; 
Christianity  the  Source  of  Female  Excellence;  Scripture  illustrative  of  Female  Character; 
Female  Influence  on  Religion  ;  Female  Defects;  Female  Romance;  Female  Education  ;  Female 
Duties.  » 

SAND  FORD-FEMALE  IMPROVEMENT. 

By  Mrs.  John  Sandford.  2d  Edition,  fcp.  8vo.  7s.  6d.  cloth. 

The  Formation  of  Female  Character ;  Religion  a  paramount  Object ;  the  Importance  of  Religious 
Knowledge;  Christianity,  Doctrinal  and  Practical ;  the  Employment  of  Time ;  Study,  its  Mode 
and  its  Recommendation;  Accomplishment;  Temper;  Taste;  Benevolence;  Marriage;  the 
Young  Wife ;  the  Young  Mother. 

!  SAVAGE.— A  DICTIONARY  OF  PRINTING. 

By  William  Savage,  Author  of  “  Practical  Hints  on  Decorative  Printing,”  and  a  Treatise 
“  On  the  Preparation  of  Printing  Ink,  both  Black  and  Coloured.  ”  In  1  vol.  8vo.  with  numerous 
Diagrams,  ^T.  6s.  cloth. 

SCOTT.— THE  HISTORY  OF  SCOTLAND. 

By  Sir  Walter  Scott,  Bart.  New  edition.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

'  SEAWARD.- SIR  EDWARD  SEAWARD’S  NARRATIVE  OF 

HIS  SHIPWRECK,  and  consequent  Discovery  of  certain  Islands  in  the  Caribbean  Sea:  with 
a  detail  of  many  extraordinary  and  highly  interesting  Events  in  his  Life,  from  1733  to  1749,  as 
written  in  his  own  Diary.  Edited  by  Miss  Jane  Porter.  3d  Edition,  with  a  New  Nautical 
and  Geographical  Introduction,  containing  Extracts  from  a  Paper  by  Mr.  C.  F.  Collett,  of  the 
Royal  Navy,  identifying  the  islands  described  by  Sir  E.  Seaward.  2  vols.  post  8vo.  21s.  cloth. 

SELECT  WORKS  OF  THE  BRITISH  POETS,  j 

From  Chaucer  to  Withers.  With  Biographical  Sketches,  by  R.  Southey,  LL.D.  1  vol.  8vo. 

30s.  cloth ;  with  gilt  edges,  31s.  6d. 

SELECT  WORKS  OF  THE  BRITISH  POETS, 

From  Ben  Jonson  to  Beattie.  With  Biographical  and  Critical  Prefaces,  by  Dr.  Aikin. 

1  vol.  8vo.  18s.  cloth  ;  with  gilt  edges,  20s. 

The  peculiar  feature  of  these  two  works  is,  that  the  Poems  included  are  printed  entire,  without  mutilation  or 
abridgment;  care  being  taken  that  such  poems  only  are  included  as  are  fit  for  the  perusal  of  youth,  or  for  reading 
aloud. 

!  SHAKSPEARE,  BY  BOWDLER. 

THE  FAMILY  SHAKSPEARE;  in  which  nothing  is  added  to  the  Original  Text ;  but  those 
words  and  expressions  are  omitted  which  cannot  with  propriety  be  readaloud.  ByT  Bowdler, 
Esq.  F.R.S.  Seventh  Edition  (1839),  1  large  vol.  8vo.  with  36  Illustrations  after  Smirke,  &c. 

30s.  cloth  ;  or  31s.  6d.  gilt  edges. 

!  ***  A  Library  Edition,  without  Illustrations,  8  vols.  8vo.  ^4.  14s.  6d.  boards.  j 

'  SHELLEY,  &c.~  LIVES  OF  THE  MOST  EMINENT  LITERARY  ! 

MEN  OF  ITALY,  SPAIN,  and  PORTUGAL.  By  Mrs.  Shelley,  Sir  D.  Brewster, 

J.  Montgomery,  &c.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

SHELLEY— LIVES  OF  MOST  EMINENT  FRENCH  WRITERS.  ! 

By  Mrs.  Shelley,  and  others.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

I  : 

ji  SHORT  WHIST: 

Its  Rise,  Progress,  and  Laws ;  with  Observations  to  make  any  one  a  Whist  Player ;  containing 
also  the  Laws  of  Piquet,  Cassino,  Ecartfi,  Cribbage,  Backgammon.  By  Major  A  *  *  *  *  *. 

7th  Edition.  To  which  are  added,  Precepts  for  Tyros.  By  Mrs.  B  *  *  *  *  *.  Fcp.  8vo.  3s 
cloth,  gilt  edges. 

SISMONDL— THE  HISTORY  OF  THE  ITALIAN  REPUBLICS ; 

Or,  of  the  Origin,  Progress,  and  Fall  of  Freedom  in  Italy,  from  a.d.  476  to  1805.  By  J.  C.  L. 

De  Sismondi.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 


SISMONDL— THE  HISTORY  OF  THE  FALL  OF  THE  ROMAN 


EMPIRE.  Comprising-  a  View  of  the  Invasion  and  Settlement  of  the  Barbarians.  By  J.  C  L. 
De  Sismondi.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

SMITH.-AN  INTRODUCTION  TO  THE  STUDY  OF  BOTANY. 

By  Sir  J.  E.  Smith,  late  President  of  the  Linnean  Society.  7th  Edition  (1833),  corrected  ;  in 
winch  the  object  of  Smith’s  “  Grammar  of  Botany”  is  combined  with  that  of  the  “  Introduc¬ 
tion.”  By  Sir  William  Jackson  Hooker,  K.H.,  LL.U.,  &c.  1  vol.  8vo.  pp.  522,  36  Steel 

Plates,  16s.  cloth;  with  the  Plates  coloured,  £2.  12s.  Cd.  cloth. 

SMITH.-THE  ENGLISH  FLORA. 

By  Sir  James  Edward  Smith,  M.D.  E.R.S.,  late  President  of  the  Linnsean  Society,  &c. 
6  vols.  8vo.  £Z.  12s.  boards. 

Contents  Vols.  I.  to  IV.  the  Flowering  Plants  and  the  Ferns,  £2.  8s. 

Vol.  V.  Part  1,  12s. — Cryptogamia  ;  comprising  the  Mosses,  Hepatic*,  Lichens,  Characese, 
and  Algae.  By  Sir  W.  J.  Hooker. 

Vol.  V.  Part  2,  12s.— The  Fungi— completing  the  work,  by  Sir  J.  W.  Hooker,  and  the  Rev. 
M.  J.  Berkeley,  F.L.S.  &c. 

SMITH.-THE  WORKS  OF  THE  REV.  SYDNEY  SMITH. 

2d  Edition,  3  vols.  8vo.  with  Portrait,  pp.  1412,  36s.  cloth. 

This  collection  consists  of  the  author’s  contributions  to  the  Edinburgh  Review,  Peter  Plymley’s  Letters  on  the 
Catholics,  and  other  miscellaneous  works. 

SMITH-LETTERS  ON  THE  SUBJECT  OF  THE  CATHOLICS, 

to  my  Brother  Abraham  who  lives  in  the  Country.  By  Peter  Plymley.  21st  Edition, 
post  8vo.  pp.  200,  7s.  cloth. 

SMITH.-THE  MEMOIRS  OF  THE  MARQUIS  DE  POMBAL. 

By  John  Smith,  Private  Secretary  to  the  Marquis  De  Saldana.  2  vols.  post  8vo.  with  Portrait 
and  Autographa,  21s.  cloth. 

These  Memoirs  of  this  illustrious  Portuguese  Statesman,  designated  by  his  countrymen  the  “GreatMirqois,” 
contain  details  of  the  terrible  earthquake  in  1755— the  energy  of  Pombal  on  that  awful  occasion — the  establishment 
of  the  Oporto  Wine  Company — the  Duke  of  Aveiro’s  conspiracy— rupture  with  the  Court  of  Rome — strange  hallucina- 
tionsof  theJesuit  Malagrida — suppression  of  the  Jesuit  order  throughout  Europe  effected  by  Pombal’s  energy  and 
address — family  compact  and  war  with  France  and  Spain — extensive  reforms  and  flourishing  condition  of  Portugal — 
death  of  the  king — Pombal’s  resignation,  examination,  sentence,  illness,  and  death.  The  whole  interspersed  with 
extracts  from  the  despatches  of  Mr.  Hay,  Lord  Kinnoull,  Mr.  Walpole,  &c.  never  before  published. 

SMITH.-AN  INQUIRY  INTO  THE  NATURE  AND  CAUSES 

OF  THE  WEALTH  OF  NATIONS.  By  Adam  Smith,  LL.D.  With  a  Life  of  the  Author, 
an  Introductory  Discourse,  Notes,  and  Supplemental  Dissertations.  By  J.  R.  M‘Culloch. 
New  Edition,  corrected  throughout,  and  greatly  enlarged,  8vo.  with  Portrait,  £1.  Is.  cloth. 

SOUTHEY’S  (ROBERT)  POETICAL  WORKS. 

First  and  only  Complete  Edition  (1838-42).  Collected  and  edited  by  Mr.  Southey.  With 
Autobiographical  Prefaces.  10  Vols.  fcp.  8vo.  with  Portrait,  and  19  other  highly-finished 
Plates,  £2.  10s.  fancy  cloth ;  or  £4.  10s.  handsomely  bound  in  morocco,  with  gilt  edges. 

The  following  may  be  had,  separately,  in  cloth  :  — 


JOAN  of  ARC . 1  vol.  5s. 

MADOC . 1  vol.  5s. 

CURSE  of  KEIIAMA  . 1  vol.  5s. 


THALABA . 1  vol.  5s. 

BALLADS,  &c . 2  vols.  10s. 

RODERICK . 1  vol.  5s. 


SOUTHEY,  &c. -LIVES  OF  THE  BRITISH  ADMIRALS; 

With  an  Introductory  View  of  the  Naval  History  of  England.  By  R.  Southey,  Esq.  and 
R.  Bell,  Esq.  5  vols.  fcp.  8vo.  with  Vignette  Titles,  £1.  10s.  cloth. 

SPACEMAN. -  STATISTICAL  TABLES 

Of  the  Agriculture,  Shipping,  Colonies,  Manufactures,  Commerce,  and  Population  of  the 
United  Kingdom  of  Great  Britain  and  its  Dependencies,  brought  down  to  the  year  1843. 
Compiled  from  Official  Returns.  By  W.  F.  Spaceman,  Esq.  Fcp.  8vo.  pp.  162,  5s.  cloth. 

SPIRIT  OF  THE  WOODS. 

By  the  Author  of  “The  Moral  of  Flowers.”  2d  Edition,  1  vol.  royal  8vo.  with  23  beautifully- 
coloured  Engravings  of  the  Forest  Trees  of  Great  Britain,  £1.  11s.  6d.  cloth. 
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SPOONER.— A  TREATISE  ON  THE  INFLUENZA  OF  HORSES. 

Showing  its  Nature,  Symptoms,  Causes,  and  Treatment;  embracing  the  subject  of  Epizooti 
Disease  generally.  By  W.  C.  Spooner,  M.R.V.C.  12mo.  pp.  118,  3s.  6d.  cloth. 

SPOONER.— A  TREATISE  ON  THE  STRUCTURE,  FUNC- 

TIONS  and  DISEASES  of  the  FOOT  and  LEG  of  the  HORSE;  comprehending  the  Com¬ 
parative  Anatomy  of  these  parts  in  other  Animals,  embracing  the  subject  of  shoeing  and 
the  proper  Treatment  of  the  Foot;  with  the  Rationale  and  Effects  of  various  Important 
Operations,  and  the  best  methods  of  performing  them.  By  W.  C.  Spooner,  M.R.V.C. 
12mo.  pp.  398,  7s.  6d.  cloth. 

STUBBING.— THE  HISTORY  OF  THE  CHRISTIAN  CHURCH, 

from  its  Foundation  to  a.d.  1492.  By  the  Rev.  H.  Stebbing,  M.A.  &c.  2  vols.  fcp.  8vo. 

with  Vignette  Titles,  12s.  cloth. 

STUBBING.— THE  HISTORY  OF  THE  REFORMATION. 

By  the  Rev.  H.  Stebbing.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

STEPHENS— A  MANUAL  OF  BRITISH  COLEOPTERA; 

or,  BEETLES:  containing  a  Description  of  all  the  Species  of  Beetles  hitherto  ascertained  to 
inhabit  Great  Britain  and  Ireland,  &c.  With  a  Complete  Index  of  the  Genera.  By  J.  F. 
Stephens,  F.L.S.  Author  of  “  Illustrations  of  Entomology.”  1  vol.  post  8vo.  14s.  cloth. 

STEEL’S  SHIPMASTER’S  ASSISTANT, 

And  OWNER’S  MANUAL ;  containing  Information  necessary  for  persons  connected  with 
Mercantile  Affairs  ;  consisting  of  the  Regulation  Acts  of  the  Customs  for  the  United  King¬ 
dom,  and  British  Possessions  abroad  ;  Navigation  Laws  ;  Registry  Acts  ;  Duties  of  Customs 
of  the  United  Kingdom,  the  British  Plantations  in  America,  Canada,  and  Isle  of  Man,  in  the 
East  Indies,  Cape  of  Good  Hope,  New  South  Wales,  and  Van  Dieman’s  Land  ;  Smuggling 
Acts;  Pilotage  throughout  England  and  Scotland;  Insurances;  Commercial  Treaties  ;  Dock 
Charges  on  Shipping,  &c.  New  Edition,  corrected  by  J.  Stikeman,  Secretary  to  the  East 
India  and  China  Association.  With  Tables  of  Monies,  Weights,  Measures,  and  Exchanges. 
By  Dr.  Kelly.  With  a  Supplement.  1  vol.  8vo.  ^6T-  Is.  cloth. 

STRONG.— GREECE  AS  A  KINGDOM  : 

A  Statistical  Description  of  that  Country :  its  Laws,  Commerce,  Resources,  Public  Institutions, 
Army,  Navy,  &c. — from  the  arrival  of  King  Otho,  in  1833,  down  to  the  present  time.  From 
Official  Documents  and  Authentic  Sources.  By  Frederick  Strong,  Esq.  Consul  at  Athens 
for  the  Kingdoms  of  Bavaria  and  Hanover.  8vo  15s.  cloth. 

SUNDAY  LIBRARY : 

Containing  nearly  One  Hundred  Sermons  by  the  following  eminent  Divines.  With  Notes,  &c. 
by  the  Rev.  T.  F.  Dibdin,  D.D.  6  vols.  fcp.  8vo.  with  Six  Portraits,  30s.  cloth. 
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SWAIN  SON.— A  PRELIMINARY  DISCOURSE  ON  THE 

STUDY  OF  NATURAL  HISTORY.  By  W.  Swainson,  Esq.  1  vol.  fcp.  8vo.  6s.  cloth. 

SWAINSON.— A  TREATISE  ON  THE  NATURAL  HISTORY 

AND  CLASSIFICATION  of  ANIMALS.  By  W.  Swainson,  Esq.  1  vol.  fcp.  8vo.  6s. 
cloth  lettered. 

SWAINSON.— NATURAL  HISTORY  AND  CLASSIFICATION 

OF  QUADRUPEDS.  By  W.  Swainson,  Esq.  1  vol.  fcp.  8vo.  with  vignette  title  and  176 
Woodcuts,  6s.  cloth. 

SWAINSON.— NATURAL  HISTORY  AND  CLASSIFICATION 

OF  BIRDS,  By  W.  Swainson,  Esq.  Fcp.  8vo.  Vignette  Titles  and  above  300  Woodcuts, 
12s.  cloth. 

SWAINSON.— ANIMALS  IN  MENAGERIES. 

By  W.  Swainson,  Esq.  Fcp.8vo.  Vignette  Title  and  numerous  Woodcuts,  6s.  cloth  lettered. 
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i  SWAIN  SON— NATURAL  HISTORY  AND  CLASSIFICATION  i 

OF  FISH,  AMPHIBIANS,  AND  REPTILES.  By  W.  Swainson,  Esq.  2  vols.  fcp.  8vo. 
with  numerous  Woodcuts  and  Vignette  Titles,  12s.  cloth. 

SWAIN  SON.— HABITS  AND  INSTINCTS  OF  ANIMALS. 

By  W.  Swainson,  Esq.  1  vol.  fcp.  8vo.  with  Vignette  and  numerous  Woodcuts,  6s.  cloth. 

ji  SWAINSON.— A  TREATISE  ON  MALACOLOGY; 

Or,  the  Natural  Classification  of  Shells  and  Shell-fish.  By  W.  Swainson,  Esq.  1  vol.  fcp. 

8vo.  with  Vignette  Title  and  very  numerous  Illustrations  on  Wood,  6s.  cloth. 

SWAINSON  AND  SHUCKARD.— HISTORY  AND  NATURAL 

ARRANGEMENT  OF  INSECTS.  By  W.  Swainson,  Esq.,  and  W.  E.  Shuckard,  Esq. 

1  vol.  fcp.  8vo.  with  Vignette  Title  and  Woodcuts,  6s.  cloth. 

SWITZERLAND.-TIIE  HISTORY  OF  SWITZERLAND. 

1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

TATE.-TIIE  CONTINUOUS  HISTORY  OF  THE  LIFE  AND  ; 

WRITINGS  OF  ST.  PAUL,  on  the  basis  of  the  Acts ;  with  Intercalary  Matter  of  Sacred  | 
Narrative,  supplied  from  the  Epistles,  and  elucidated  in  occasional  Dissertations :  with  the 
Hone  Paulinai  of  Dr.  Paley,  in  a  more  correct  edition,  subjoined.  By  James  Tate,  M-A. 
Canon  Residentiary  of  St.  Paul’s.  8vo.  with  Map,  13s.  cloth. 

1 1  TATE.-HORATIUS  RESTITUTUS;  ! 

Or,  the  Books  of  Horace  arranged  in  Chronological  Order,  according  to  the  Scheme  of  Dr.  , 
Bentley,  from  the  Text  of  Gesner,  corrected  and  improved.  With  a  Preliminary  Dissertation, 
very  much  enlarged,  on  the  Chronology  of  the  Works,  on  the  Localities,  and  on  the  Life  and 
Character  of  that  Poet.  By  James  Tate,  M. A.  Second  Edition.  To  which  is  now  added, 
an  original  Treatise  on  the  Metres  of  Horace.  8vo.  12s.  cloth. 

I:  TAYLER  (REY.  CHARLES  BJ-MARGARET ;  1 1 

Or,  the  Pearl.  By  the  Rev.  Charles  B  .Tayler,  M.A.  Rector  of  St.  Peter’s,  Chester,  Author  j  i 
of  “  May  You  Like  It,”  “  Records  of  a  Good  Man’s  Life,”  &c. — In  the  Press , 

"  Vital  religion  is  the  real  antidote  for  tractarian  error.” 

j  TAYLER  (REV.  CHARLES  B.)-D0RA  MELDER; 

A  Story  of  Alsace.  By  Meta  Sander.  A  Translation.  Edited  by  the  Rev.  C.  B.  Tayler, 
Author  of  “Records  of  a  Good  Man’s  Life,”  &c.  Fcp.8vo.  pp.  286,  2  Illustrations, 7s.  cloth,  j 

“  Viewed  in  a  literary  point  of  view,  this  tale  is  admirably  told  ;  whilst  411  air  of  reality  gives  it  a  true  charm.” 

Buitish  Magazine. 

:  TAYLOR.— THE  STATESMAN.  j 

By  Henry  Taylor,  Esq.,  Author  of  “Philip  Van  Artevelde.”  l2mo.  6s.  6d.  boards. 

j  THACKER— THE  COURSER’S  ANNUAL  REMEMBRANCER, 

and  STUD-BOOK  ;  being  an  Alphabetical  Return  of  the  Running  at  all  the  Public  Coursing 
Clubs  in  England,  Ireland,  and  Scotland,  for  the  Season  1841-42  ;  with  the  Pedigrees  (as  far 
as  received)  of  the  Dogs  that  won,  and  the  Dogs  that  ran  up  second  for  each  Prize  ;  also,  a 
Return  of  all  single  Matches  run  at  those  Meetings  ;  with  a  Preliminary  Essay  on  the  Decision 
of  Short  Courses.  By  T.  Thacker.  8vo.  10s.  cloth. 

i  THACKER— A  POCKET  COMPENDIUM  OF  COURSING  ! 

RULES  AND  BYE-LAWS,  for  Use  in  the  Field.  By  Thomas  Thacker.  Is.  6d.  sewed. 

!  TIIIRL WALL.-TIIE  HISTORY  OF  GREECE. 

By  the  Right  Rev.  the  Lord  Bishop  of  St.  David’s.  Vols.  1  to  7,  fcp.  8vo.  with  Vignette 
Titles,  £2.  2s.  cloth. 

|  TIIOMSON.-TIIE  DOMESTIC  MANAGEMENT  OF  THE  SICK 

ROOM,  necessary,  in  Aid  of  Medical  Treatment,  for  the  Cure  of  Diseases.  By  Anthony 
Todd  Thomson,  M.D.  F.L.S.  &c.  Post  8vo.  10s.  6d.  cloth. 

THOMSON.— CHEMISTRY  OF  ANIMAL  BODIES. 

By  Thomas  Thomson,  M.D.  Regius  Professor  of  Chemistry  in  the  University  of  Glasgow. 
8vo.  16s.  cloth. 
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THOMSON’S  SEASONS. 

Edited  by  Bolton  Corney,  Esq.  Illustrated  with  Seventy-seven  Designs  drawn  on  Wood, 
by  the  following  Members  of  the  Etching  Club  - 

J.  Bell,  Sculptor,  J.  C.  Horsley,  Frank  Stone,  H.  J.  Townsend, 

,  ,  0.  W.  Cope,  J.  P.  Knight,  C.  Stonhouse,  T.  Webster,  A.R.A. 

Thomas  Creswick,  R.  Redgrave,  A.R.A.  F.  Tayler, 

Engraved  by  Thompson  and  other  eminent  Engravers. 

Handsomely  printed  in  square  crown  8vo.  (1842),  pp.  336,  21s.  richly  bound  in  ultra-marine 
cloth  ;  in  morocco  in  the  best  manner  by  Hayday,  36s. 

***  A  few  copies  printed  on  prepared  paper  of  great  beauty,  forming  a  most  unique  book, 
£2.  2s.  in  ultra-marine  cloth;  in  morocco  in  the  best  manner  by  Hayday,  £2.  17s.  ;  or  in 
Russia,  £3. 

“  Few  works  of  the  class  have  a  fairer  prospect  of  popularity  than  this  new  edition  of  Thomson,  illustrated  by  the 
members  of  the  Etching  Club.  Most  of  the  designs  are  in  accordance  with  the  spirit  of  the  author,— some  of  them 
beautiful.  The  landscape  vignettes  contributed  by  Mr.  Creswick  entitle  him  to  a  first  place  as  a  book-illustrator  ; 
exhibiting  a  versatility  of  talent  for  which  his  warmest  admirers  could  hitherto  have  hardly  ventured  to  give  him 
credit.  Mr.  F.  Tayler  is  not  far  behind,  as  his  designs  at  pp.  11,  12,  and  26,  will  most  satisfactorily  prove  ;  and  he 
comes  one  step  nearer  historical  art  than  Mr.  Creswick,  in  right  of  his  clever  management  of  rustic  figures.  Messrs. 
Cope,  Horsley,  Redgrave,  and  Bell,  with  all  their  true  English  feeling,  and  the  grace  of  their  conceptions,  are  a 
degree  more  ambitious.  Mr.  Bell’s  preparatory  outline  of  ‘  Spring  ’  gives  indications  of  grace,  poetry,  and  fancy, 
worthy  of  being  carried  to  the  highest  perfection.  This  hook  is  beautifully  brought  out ;  the  vignettes  are  from 
copper  blocks,  produced  by  the  electrotype  process.  This  gives  a  peculiarity  of  effect  to  the  impressions  more  easy  to 
perceive  than  to  describe.  Other  of  our  classical  poems  are  to  follow,  illustrated  in  a  similar  fashion.  Mr.  Bolton 
Corney’s  labours  are  not  the  less  to  be  commended  because  they  are  unobtrusive  :  the  work  is  extremely  well  edited, 
and  therefore  entitled  to  a  place  on  the  library  shelf  as  well  as  on  the  drawing-room  table.” — Athenaeum. 

TOMLINS.-A  POPULAR  LAW  DICTIONARY ; 

Familiarly  explaining  the  Terms  and  Nature  of  English  Law  ;  adapted  to  the  comprehension 
of  persons  not  educated  for  the  legal  profession,  and  alfording  information  peculiarly  useful 
to  Magistrates,  Merchants,  Parochial  Officers,  and  others.  By  Thomas  Edlyne  Tomlins, 
Attorney  and  Solicitor.  In  1  thick  vol.  post  8vo.  18s.  cloth. 

The  whole  work  has  been  revised  by  a  Barrister. 

TOOKE.-A  HISTORY  OF  PRICES  ; 

With  reference  to  the  Causes  of  their  principal  Variations,  from  1792  to  the  Present  Time. 
Preceded  by  a  Sketch  of  the  History  of  the  Corn  Trade  in  the  last  Two  Centuries.  By  Thomas 
Tooke,  Esq.  F.R.S.  2  vols.  Svo.  £1.  16s.  cloth. 

(A  Continuation  of  the  Above.) 

AN  ACCOUNT  of  PRICES  and  of  the  State  of  the  CIRCULATION  in  1838  and  1839;  with 
Remarks  on  the  Corn  Laws,  and  on  proposed  Alterations  in  our  Banking  System.  Svo.  12s.  cloth. 

TRANSACTIONS  OP  THE  ENTOMOLOGICAL  SOCIETY. 

8vo.  The  last  part  published  is  Part  3  of  Vol.  3,  8vo.  with  Plates,  4s.  6d. 

j;  TRANSACTIONS  OF  THE  ZOOLOGICAL  SOCIETY  OF 

LONDON.  4to.  The  last  part  published  is  Part  1,  Vol.  3,  with  Plates,  14s.  coloured, 
and  12s.  plain. 

TRANSACTIONS  OF  THE  INSTITUTION  OF  CIVIL 

Engineers,  4to.  Vol.  II.  with  Twenty-three  finely  engraved  Plates,  28s.  cloth. 

!  Vol  III.  with  Nineteen  finely  engraved  Plates,  £2.  12s.  6d.  cloth. 

!  TRANSACTIONS  OF  THE  ROYAL  INSTITUTE  OF  BRITISH 

ARCHITECTS  of  LONDON  :  consisting  of  a  series  of  Papers  on  “  Antiquities,”  and  “  Con¬ 
struction.”  By  R.  Willis,  M.A.  F.R.S.  &c. ;  Ambrose  Poynter;  Herr  Hallmann,  of  Han¬ 
over;  Dr.  Faraday;  Mr.  Bracebridge;  Herr  Beuth,  of  Berlin;  Joseph  Gwilt,  F.S.A.  F.A.S. ; 
Mr.  C.  H.  Smith  ;  Mr.  C.  Fowler,  Hon.  Sec. ;  Mr.  W.  A.  Nicholson,  of  Lincoln  ;  and  Mr.  J.  P. 
Papworth.  Vol.  I.  Part  2,  4to.  with  numerous  lithographic  and  woodcut  illustrations,  24s.  cloth. 
***  Part  1,  Vol.  I.  uniform  with  the  above,  16s.  cloth. 

;  TRANSACTIONS  OF  THE  LINNEAN  SOCIETY  OF  LONDON. 

The  last  part  published  is  Part  2,  Vol.  XIX.  4to.  with  Plates,  21s. 

TROLLOPE.— THE  LAURRINGTONS ; 

Or,  Superior  People.  By  Mrs.  Trollope,  Author  of  “  Widow  Barnaby,”  &c.  3  vols. 
post  8vo .—Nearly  ready. 

TURNER.— THE  SACRED  HISTORY  OF  THE  WORLD, 

Philosophically  considered.  By  Sharon  Turner,  F.S.A.  R.A.S.L.  New  Edit.  3  vols.  Svo.  42s. 

Vol.  1  considers  the  Creation  and  System  of  the  Earth,  and  of  its  Vegetable  and  Animal  Races 
and  Material  Laws,  and  Formation  of  Mankind. 

Vol.  2,  the  Divine  Economy  in  its  special  Relation  to  Mankind,  and  in  the  Deluge,  and  the 
History  of  Human  Affairs  ; 

Vol.  3,  the  Provisions  for  the  Perpetuation  and  Support  of  the  Human  Pace,  the  Divine  System 
of  our  Social  Combinations,  and  the  Supernatural  History  of  the  World. 
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I  TURNER -THE  HISTORY  OE  ENGLAND, 

From  the  Earliest  Period  to  the  Death  of  Elizabeth.  By  Sharon  Turner  Esq  FAS 
R.A.S.L.  12  vols.  8 vo.  ^8.  3s.  cloth. 

Or  four  separate  portions,  as  follow 

THE  HISTORY  of  the  ANGLO-SAXONS;  comprising  the  History  of  England  from  the 
Earliest  Period  to  the  Norman  Conquest.  6th  Edition,  3  vols.  8vo.  st’2.  5s.  boards. 

THE  HISTORY  of  ENGLAND  during  the  MIDDLE  AGES;  comprising  the  Reigns  from 
William  the  Conqueror  to  the  Accession  of  Henry  VIII.,  and  also  the  History  of  the  Litera¬ 
ture,  Religion,  Poetry,  and  Progress  of  the  Reformation  and  of  the  Language  during  that 
period.  3d  Edition,  5  vols.  8vo.  ^6J3,  boards. 

THE  HISTORY  of  the  RETGN  of  HENRY  VIII. ;  comprising  the  Political  History  of  the 
commencement  of  the  English  Reformation  :  being  the  First  Part  of  the  Modern  History  of 
England.  3d  Edition,  2  vols.  8vo.  26s.  bds. 

THE  HISTORY  of  the  REIGNS  of  EDWARD  VI.,  MARY,  and  ELIZABETH;  being  the  ! 
Second  Part  of  the  Modern  History  of  England.  3d  Edition,  2  vols.  8vo.  32s.  boards. 

!  TURNER.— A  TREATISE  ON  THE  ROOT  OF  THE  HORSE, 

And  a  New  System  of  Shoeing,  by  one-sided  nailing ;  and  on  the  Nature,  Origin,  and  Symptoms  I 
of  the  Navicular  Joint  Lameness,  with  Preventive  and  Curative  Treatment.  By  James 
Turner,  M.R.V.C.  Royal  8vo.  pp.  118,  7s.  6d.  boards. 

TURTON’S  (DR.)  MANUAL  OF  THE  LAND  AND  FRESH- 

WATER  SHELLS  of  the  BRITISH  ISLANDS.  A  New  Edition,  thoroughly  revised  and  with 
considerable  Additions.  By  John  Edward  Gray,  Keeper  of  the  Zoological  Collection  in 
the  British  Museum.  1  vol.  post  8vo.  with  Woodcuts,  and  12  Coloured  Plates  15s.  cloth. 

URE.— DICTIONARY  OF  ARTS,  MANUFACTURES,  &  MINES’  i 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  By  Andrew  Ure,  M.1L  ! 
F.R.S.  M.G.S.  M.A.S.  Lond.;  M.  Acad.  N.L.  Philad. ;  S.  Ph.  Soc.  N.  Germ.  Hanov. ;  Mulii! 

&c.  &c.  Third  Edition,  corrected,  8vo.  illustrated  with  1240  Engravings  on  Wood,  50s.  cloth!  j 

WALKER.— BRITISH  ATLAS  OF  FORTY-SEYEN  MAPS, 

CAREFULLY  COLOURED;  comprising  separate  Maps  of  every  County  in  England,  each 
Riding  in  Yorkshire,  and  North  and  South  Wales;  showing  the  Roads,  Railways,  Canals, 
Parks,  Boundaries  of  Boroughs,  Places  of  Election,  Polling  Places,  &c.  Compiled  from  the 
Maps  of  the  Board  of  Ordnance  and  other  Trigonometrical  Surveys.  By  J.  and  C.  Walker. 
Imperial  4to.  coloured,  Three  Guineas,  half-bound ;  large  paper,  Four  Guineas,  half-bound. 

***  Each  County  may  be  had  separately,  in  case,  2s.  6d. 

WALTZING).  —  REFORM  YOUR  WALTZING.  THE  TRUE  1 

THEORY  of  the  RHENISH  or  SPANISH  WALTZ,  and  of  the  German  Waltz,  d  Deux  Temps, 
analysed  and  explained  for  the  first  time.  By  An  Am  ateur.  Fcp.  8vo.  uniform  with  “  Hints 
on  Etiquette,”  price  Half-a-Crown. 

The  Figure  of  8  in  both  these  Waltzes  on  an  entirely  new  principle. 

*«*  Waltzing  is  the  art  of  a  gentleman,  and  never  yet  was  taught  or  understood  by  a  dancing-master. 

“  The  author  of  these  amusing  hints  cannot  be  a  more  enthusiastic  admirer  of  waltzing  than  we  are.  It  was  a  ' 
source  of  enjoyment  to  us  in  the  land  of  its  legitimate  home  for  many  a  year  in  the  days  of  yore  ;  but,  ‘liGas  ils  sont 
passes  ces  jours  de  f£te!’  we  are  now  too  old  and  rheumatic  to  be  able’ to  indulge  in’ such  pastimes.  Those  of  our 
readers,  however,  who  are  younger  and  more  active  than  ourselves,  and  who  wish  to  know  what  real  waltzing  actually 
means,  cannot  do  better  than  benefit  by  the  system  laid  down  and  recommended  for  adoption  by  ‘  An  Amateur  ’ 
whose  remarks  are  well  calculated  to  prove  serviceable  to  the  uninitiated.” — United  Service  Gazette. 

WARDLAW.-SERMONS, 

By  Dr.  Ward  law.  8vo.  12s.  boards. 

I  WARD  LAW.— DISCOURSES  ON  THE  PRINCIPAL  POINTS 

OF  THE  SOCINIAN  CONTROVERSY — the  Unity  of  God,  and  the  Trinity  of  Persons  in  the 
Godhead ;  the  Supreme  Divinity  of  Jesus  Christ ;  the  Doctrine  of  the  Atonement ;  the  Christian 
Character,  &c.  By  Ralph  Wardlaw,  D.D.  5th  Edition,  8vo.  15s.  cloth. 

WATERTON.-ESSAYS  ON  NATURAL  HISTORY, 

Chiefly  Ornithology.  By  Charles  Waterton,  Esq.,  Author  of  “  Wanderings  in  South 
America.”  With  an  Autobiography  of  the  Author,  and  a  View  of  Walton  Hall.  'Ihird 
t  Edition,  fcp.  8vo.  8s.  cloth. 

I  I 
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j  WATHEN.-ARTS,  ANTIQUITIES,  AND  CHRONOLOGY  OF  i 

ANCIENT  EGYPT,  from  Personal  Observations.  By  G.  H.  Wathen,  Architect.  With 
Illustrations  from  Original  Sketches  by  the  Author.  Royal  8vo.  with  Plates  and  Woodcuts, 

16s.  cloth. 

|  “  A  clever  and  lively  contr'bution  to  the  chronology  and  arts  of  ancient  Egypt,  the  result  of  a  professional  visit  to 

her  land,  made  by  an  enthusiastic  student  of  her  history  well  qualified  to  explore  her  remains.” — Spectator. 

WEBSTER— AN  ENCYCLOPEDIA  OF  DOMESTIC  ECONOMY;  ! 

Comprising  such  subjects  as  are  most  immediately  connected  with  Housekeeping :  as,  The 
Construction  of  Domestic  Edifices,  with  the  modes  of  Warming,  Ventilating,  and  Lighting 
them— A  description  of  the  various  articles  of  Furniture,  with  the  nature  of  their  Materials— 
Duties  of  Servants— A  general  account  of  the  Animal  and  Vegetable  Substances  used  as  Food, 
and  the  methods  of  preserving  and  preparing  them  by  Cooking— Making  Bread — The  Chemical 
Nature  and  the  Preparation  of  all  kinds  of  Fermented  Liquors  used  as  Beverage— The  various  I 
Clothing  Arts,  and  Materials  employed  in  Dress  and  the  Toilette — Business  of  the  Laundry  — 
Description  of  the  various  Wheel  Carriages — Preservation  of  Health — Domestic  Medicine, 

I  &c.  &c.  &c.  By  Thomas  Webster,  F.G.S.  &c. ;  assisted  by  the  late  Mrs.  Parkes,  Author  of  i 

u  Domestic  Duties.”  1  thick  vol.  8vo.  illustrated  with  nearly  1000  Woodcuts.— In  the  Press. 

I  WESTWOOD.— INTRODUCTION  TO  THE  MODERN  CLASSI- 

FICATION  OF  INSECTS;  comprising  an  Account  of  the  Habits  and  Transformations  of  the 
different  Families  ;  a  Synopsis  of  all  the  British,  and  a  Notice  of  the  more  remarkable  Foreign 
Genera.  By  J.  O.  Westwood,  Sec.  Ent.  Soc.  London,  F.L.S.,  &c.  2  vols.  illustrated  with 
!  above  150  Woodcuts,  comprising  about  2500  distinct  Figures,  £2.  7s.  cloth. 

I  WHITE’S  COMPENDIUM  OF  THE  VETERINARY  ART; 

\  5  Containing  Plain  and  Concise  Observations  on  the  Construction  and  Management  of  the 

Stable ;  a  brief  and  popular  Outline  of  the  Structure  and  Economy  of  the  Horse  ;  the  Nature, 
Symptoms,  and  Treatment  of  the  Diseases  and  Accidents  to  which  the  Horse  is  liable ;  the 
best  method  of  performing  various  Important  Operations  ;  with  Advice  to  the  Purchasers  of 
Horses;  and  a  copious  Materia  Medica  and  Pharmacopoeia.  17th  Edition,  entirely  recon¬ 
structed,  with  considerable  Additions  and  Alterations,  bringing  the  work  up  to  the  present  state 
of  Veterinary  Science.  By  W.  C.  Spooner,  Veterinary  Surgeon,  &c.  &c.  8vo.  pp.  588,  with 
coloured  Plate,  16s.  cloth.  London,  1842.  i 

S  WHITE’S  COMPENDIUM  OF  CATTLE  MEDICINE;  | 

Or,  Practical  Observations  on  the  Disorders  of  Cattle  and  other  Domestic  Animals,  except  . 
the  Horse.  6th  Edition,  re-arranged,  with  copious  Additions  and  Notes,  by  W.  C.  Spooner, 
Vet.  Surgeon,  Author  of  a  “Treatise  on  the  Influenza,”  and  a  “Treatise  on  the  Foot  and 
Leg  of  the  Horse,”  &c.  8vo.  9s.  cloth.  j 

WHITE.-THE  GOSPEL  PR0M0TIVE  OF  TRUE  HAPPINESS. 

By  the  Rev.  Hugh  White,  M.A.  12mo.  6s.  cloth. 

WHITLEY— THE  APPLICATION  OF  GEOLOGY  TO  AGRI- 

CULTURE,  and  to  the  Improvement  and  Valuation  of  Land :  with  the  Nature  and  Properties  > 
of  Soils,  and  the  Principles  of  Cultivation.  By  Nicholas  Whitley,  Land-Surveyor.  8vo. 

7s.  6d.  cloth. 

«  Mr.  Whitley’s  hook  appears  to  us  like  the  commencement  of  a  more  philosophical  review  of  our  agricultural  riches 
than  has  yet  been  sriven  to  the  public  ;  its  utility  is  maniiest,  and  on  that  score  alone  we  earnestly  recommend  it  to 
those  who,  from  their  pursuits,  are  much  better  able  than  ourselves  to  estimate  its  merits  and  take  ad\  outage  ot  its 
suggestions.” — Sunday  Times,  Oct.  22,  1843. 

WILKINSON.-THE  ENGINES  OF  WAR,  &c. 

Being  a  History  of  Ancient  and  Modern  Projectile  Instruments  and  Engines  of  Warfare  and  : 
Sporting;  including  the  Manufacture  of  Fire-Arms,  the  History  and  Manufacture  of  Gun¬ 
powder,  of  Swords,  and  of  the  cause  of  the  Damascus  Figure  in  Sword  Blades,  with  some 
Observations  of  Bronze:  to  which  are  added,  Remarks  on  some  Peculiarities  of  Iron,  and  on 
the  Extraordinary  Effect  produced  by  the  Action  ot  Sea-water  on  Cast-Iron  ;  with  Details  ot 
various  Miscellaneous  Experiments.  By  H.  Wilkinson,  M.R.A.S.  1  vol.  8vo.  9s.  cloth. 

WOOD.— A  PRACTICAL  TREATISE  ON  RAILROADS,  AND  j 

1  INTERIOR  COMMUNICATION  in  GENERAL;  containing  numerous  Experiments  on 

the  Powers  of  the  Improved  Locomotive  Engines,  and  Tables  of  the  comparative  Cost  of  Con¬ 
veyance  on  Canals,  Railways,  and  Turnpike  Roads.  By  Nicholas  Wood,  Colliery  A  iewer, 
Memb.  Inst.  Civ.  Eng.  &c.  Third  edition,  very  greatly  enlarged,  with  13  large  Plates,  and 
I  several  new  Woodcuts.  £l>  11s.  6d.  cloth. 

YOUNG  LADIES’  BOOK  (THE) : 

A  Manual  of  Elegant  Recreations,  Exercises,  and  Pursuits.  4th  Edition,  with  numerous 
i  beautifully  executed  Engravings  on  Wood.  £\.  Is.  elegantly  bound  in  crimson  silk, lined  with 

I  imitation  of  Mechlin  lace. 
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